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The Waltham reservoir is the fourth large reinforced concrete 
or mortar standpipe to be built in this country. It is the largest 
of the four. 2.3 

The first structure of this character was built at Fort Revere, 
Hull, Mass., in 1902, of 1:2: 4concrete. The internal dimensions 
are 50 feet high by 20 feet in diameter, with a capacity of 118 000 
gallons. This was a remarkable job, and very successful. It was 
constructed with very thin walls, only 6} inches at the base and 34 
inches at the top. It has been fully described in the JourRNAL oP 
THE NEw ENGLAND WATER WoRKS ASssocrATION, March, 1905. 

About this time, or shortly after, in 1903, a reinforced standpipe 
of 1: 3 mortar was constructed in Milford, Ohio. This was 81 
feet high by 14 feet in diameter, with walls 9 inches thick at the 
base and 5 inches at the top. 

In 1905 the Aberthaw Construction Company constructed for 
the town of Attleboro, Mass., a large reinforced concrete standpipe 
100 feet high and 50 feet in diameter. This was built of 1:2:4 
concrete with walls 18 inches thick at the bottom and battered to 
8 inches at the top, and holds 1 500 000 gallons. 

The Waltham reservoir was built in 1906 of 1:2: 4 concrete and 
is 35 feet high and 100 feet in diameter. The walls of this reservoir 
are 18 inches thick at the base, battered to 12 inches at the top. 
It holds over 2 000 000 gallons. 
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One writer, in a printed statement, described the concrete 
reservoir, built for the water department of the city of Waltham 
in the summer of 1906, as “a wonderful example of reinforced 
concrete construction.” I may truly say, however, that this type 
of structure was only decided upon after careful preparation, 
covering a long period of time. This preparation included numer- 
ous laboratory tests, correspondence and consultation with 
several engineers, and several trips to Attleboro, including a big 
inroad upon the good nature of Mr. Snell. 

The city government was reminded that the general public 
would not understand the details or difficulties involved in such a 
novel construction as that we proposed to undertake, and that it 
would be very easy for some misinformed or irresponsible person 
to infuse the public mind with the idea that the structure was 
unexpectedly leaky and dangerous, even though those in charge 
might know that such was not the case. - Attention was also called 
to the fact that, as in previous structures of this character, the 
materials and the methods employed were such that it might 
require considerable time in which to stop up such seepage as in 
our best judgment could not be allowed to remain, and might pre- 
clude the possibility of absolutely watertight work. 

Nevertheless, as we showed a saving of $2 300 over a steel struc- 
ture of similar size, with no maintenance cost for the concrete, 
and were able to give good reasons for our faith in our plans 
and specifications, we were told to go ahead and were supplied 
with suitable funds. 

Invitations were sent out March 13, 1906, and bids were opened 
March 22. On April 4, after extended negotiations, a contract 
was made with Simpson Bros. Corporation, of Boston, the lowest 
of four bidders, for the construction of the reservoir, for the sum 
of $25 786. Work was begun during the week beginning April 9, 
and the reservoir was ready to fill on August 28. 

The bottom of the reservoir rests mostly on ledge and is 12 
inches thick except under the wall where it is not less than 3 feet 
6 inches deep. It is reinforced with a layer of expanded metal 
near the surface to prevent shrinkage cracks. The floor is troweled 
to a granolithic finish. Bent rods were placed in this base spaced 
every 12inches. They extend 6 feet into the base of the reservoir 
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and 3 feet up into the wall. Enough steel reinforcement was 
used in the walls to keep the tensile stress within a 12 000 pound 
limit. The rods were arranged in three rows up to 20 feet and 
then in two rows in the next 17 feet. The roof consists of a rein- 
forced concrete slab 3 inches thick, supported by steel trusses 
radiating from a central, concrete covered, pipe column, which 
serves also as an overflow. These trusses are 3 feet 8 inches high 
at the outside ends and an ornamental enclosure wall was built 
up around and above them, making the total height of the side 
walls 43 feet. Except in the foundations and lower 6 inches of the 
floor, which were composed of a 1: 3: 6 mixture, the concrete was 
proportioned at the rate of 90 pounds cement to 2 cubic feet sand 
and 4 cubic feet stone and 5 pounds hydrated lime. (See Plate I.) 

The walls were reinforced with 14-inch round rods specified to 
fulfill the American Steel Manufacturers’ standard specifications 
for railway bridge steel. The jointing of the rods was made, in 
every case, by a lap of 40 diameters. They were rolled on the 
ground to the required radius and occasionally tied at the ends. 
The cement was required to conform to the standards for Portland 
cement adopted by the American Society for Testing Materials. 
Most of the stone and all of the sand was screened from a gravel 
bank on city land not far from the site. 

As most builders have found to their sorrow, there are certain 
inherent difficulties in manufacturing concrete which usually 
render it permeable to water. It was, therefore with great study 
and care in this particular that the specifications for this reser- 
voir were prepared. Previous experience in the erection of the 
three concrete standpipes already mentioned, Milford, Fort Revere, 
and Attleboro, was carefully investigated. In this climate, it is 
perhaps not so much a question how to stop all percolation as it 
is to reduce it to so small a quantity as to avoid injury from 
frost. The peculiar, if not unusual, precautions taken to make 
this building a success may be grouped under the following 
heads: 

First. The character of the sand and gravel which entered into 
the aggregate. 

Second. Some waterproofing material or compound to be 
added. 
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Third. The method of placing steel and holding it in place. 

Fourth. Forms. 

Fijth. Making the joints and caring for the concrete as it set. 

Sizth. Interior finish of walls. 

Permeability tests were made with blocks of uniform section 
prepared from the materials to be used in the aggregate in different 
proportions in order to ascertain the most impermeable mixture. 
We determined to use gravel and sand from a bank on water works 
land not far from the site, the stones to be not over 14 inches in 
diameter. Specimens were prepared with gravel from the afore- 
said bank, mixed in the proportion of 1: 2:4 with the ordinary 
bank sand and also with 3 bank sand and 4 fine sand. We con- 
cluded, after examining the various waterproofing materials on 
the market, to try two,— Medusa compound, manufactured by the 
Sandusky Portland Cement Company, and hydrated lime. Speci- 
mens having an admixture of 2, 4, 5, 7, and 9 per cent. of the 
weight of the cement were prepared and subjected to a pressure 
averaging about 70 pounds. We found that the use of a con- 
siderable proportion of fine sand was productive of good results, 
and that Medusa compound, when added to the extent of 4 per 
cent. of the weight of the cement, made a practically impermeable 
mixture. With the addition of hydrated lime to the extent of 
5 per cent., the amount of water passing the concrete applied at 
80 pounds pressure at the end of two months averaged 38 grams 
per minute in 2 specimens, and in a further test of 6 specimens 
_ where from 5 to 9 per cent. of the lime was added to the cement, 
~ the sand and stone being sifted in accordance with our specifica- 
tions, 5 of the 6 specimens were absolutely impervious at 61 to 
68 pounds pressure after standing for fourteen days. 

Medusa compound is expensive. Its use to the extent of 4 per 
cent. in the body of the concrete would have added over $2 000 to 
the cost of the structure. Lime is comparatively cheap and 
effective, so we decided to depend upon those proportions of stone 
and sand which mechanical analyses of our materials showed to be 
the most dense, using hydrated lime in the concrete, to the extent 
of 5 per cent. of the weight of the cement, and lime and Medusa 
compound in the plaster and wash for the inside. 

The specifications read as follows: 
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“ All sand shall be clean, free from clay, loam, sticks, organic 
matter, or other impurities. In sand for concrete, not more than 
5 per cent. residue shall be left on a No. 8 sieve, and the percentage 
passing a No. 50 sieve shall be so governed as to produce a concrete 
as watertight as possible in accordance with the instructions to be 
given by the engineer.* 

“ Sand used in plastering or grout must be of a fineness satis- 
factory to the engineer. 

“Stone used in watertight work shall be of clean pebbles, 
screened from a gravel bank, and free from foreign matter. Clay 
or dirt adhering to the pebbles shall be washed from them before » 
placing upon the mixing platform in hand-mixing or before placing 
in the mixer in machine-mixing. No stones in watertight work 
shall be more than 14 inches in diameter and the stones shall be 
screened on a }-inch sieve in such a manner that by laboratory 
test not less than 15 per cent. nor more than 20 per cent. of mate- 
rials shall pass a }-inch sieve. 

“The sizes of the pebbles shall be so graded as to produce a 
concrete containing a minimum percentage of voids in accordance 
with the instructions given from time to time by the engineer. If 
the sizes of the pebbles as screened from the bank are not satis- 
factory to the engineer, it may be required that two sizes of stones 
shall be separately screened and measured. 

“Tf preferred, broken stone, of hard and durable rock, of sizes 
satisfactory-to the engineer, may be used for the foundations and 
that part of the reservoir above high water. 

“ In adding hydrated lime or other similar waterproofing ingre- 
dient or ingredients, the quantity prescribed shall be weighed or 
measured for each batch and shall be introduced into the mixer 
before adding any of the other materials and the mixer turned a 
sufficient number of times to form a milk of uniform color. If 
used in hand-mixed concrete it shall be well stirred into the water 
to be used in mixing the batch of concrete.” 


The steel supports for holding the rods were spaced 13.25 feet 
apart. They show very clearly in one of the cuts (Plate II, Fig. 2). 
The reinforcing rods, after being rolled very carefully to the required 
radius, were placed in the angles of these lattice-work supports. 
This method of supporting steel was worked out in detail by the’ 
contractor from suggestions made to him before the contract was 
signed, and proved entirely successful. With a lap of 40 diameters 
we secured, in each of the steel hoops, the ultimate strength of 
the steel at every point. The danger that some sections.of the 


* Fifteen per cent. was decided upon and used. 
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concrete might peel off at the outer line of steel rods was duly 
considered by us, and one of the precautions taken consisted in 
distributing the rods as much as possible through the section of 
concrete. In a structure of this character this ponsibitity. 5 is a 
conclusive argument for the use of round rods. 

Not only did we come to an early agreement with the contractor 
as to steel supports for the rods, but we made plans with him as 
to forms. These were erected in sections 3 feet high and about 
5 feet long, 60 to the circle. Every outside form had a corre- 
sponding inside section which was tied to it with four 4-inch bolts 
extending through the wall. These bolts were in three parts; 
the middle, with the two heads into which it was screwed at either 
end, was permanently built into the wall, while the two outer 
parts were unscrewed from the outer ends of the heads upon 
removing the forms. The contractor built two complete sets of 
these forms, or enough for 6 feet of wall. The difference in lengths 
due to the batter of the outside of the wall was adjusted at the 
joints as the building progressed. 

Rich concrete can be made waterproof much more readily by 
using well graded gravel. The rounded pebbles pack easily. and 
readily produce a dense concrete. I believe that lime also is a 
valuable adjunct. The greatest care in selection of materials, 
however, cannot overcome the evils due to careless mixing or 
placing, and the bane of such extensive operations in watertight 
work still remains in the difficulties connected with making tight 
joints where new work joins the old. The following specification 
was devised to cover this point: 


“ Before laying concrete on rock surfaces the latter shall be 
swept clean of all débris and dirt and wetted when directed. 

‘““' Where one day’s work joins another, or when new concrete 
or a plastic surface is added to old concrete which has begun 
to set, special precautions must be taken. The old surface shall 
be thoroughly cleaned of all dirt and scum or laitance. This 
laitance shall be entirely brushed out with steel brushes, or other 
implements satisfactory to the engineer, down to hard material. 
The old concrete when cleaned of all débris and dirt shall be care- 
fully wet down and a thin layer of neat cement grout thoroughly 
brushed in and the new concrete added before the grout has time 


to set. 
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Fig. 1. 


MernHop OF SupportiInG WALL Forms. 
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INTERIOR OF WALL DURING CONSTRUCTION. 
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“ As an additional precaution for securing a good bond, a groove 
at least 4 inches deep and 3 inches wide shall be constructed in the 
top of any portion of the wall allowed to stand and set.”’ 


- New concrete was covered and wet down daily for a month, but, 
except for a small quantity of water in the bottom, no attempt was 
made to fill the reservoir until it was completed. 

We determined, if possible, to get a waterproof concrete and in 
no wise to depend on the inside coating. That did not prevent, 
however, a thorough investigation of possible methods and the 
use of such as we thought best. The Hull and Attleboro stand- 
pipes were plastered, in the first case successfully and in the 
second case the Sylvester coating of soap and alum was finally 
resorted to, to make the structure satisfactorily tight. Our speci- 
fication as to finish of floor and walls was as follows: 

“A granolithic finish is to be troweled on to the surface of the 
floor by skilled mechanics at the time it is built. Said finish shall 
be carried up to the top of the curve at the junction of the floor and 
wall. Special care shall be taken to avoid any joints in the work. 

“The contractor shall remove forms as soon as possible, and 
shall immediately treat the inside surface of the walls as follows: 
He shall remove all loose or unset material from the surface. He 
shall use special care at the joints and between layers of concrete, 
and, after cleaning them out and jointing with neat cement, the 
wall for a distance of 9 feet up from the top of the curve at the 
junction of the floor and wall shall be plastered by skilled mechanics 
with mortar mixed and placed as directed by the engineer. For 
the remainder of the wall, after cleaning and jointing as above spe- 
cified, he shall apply two thin coatings of Portland cement grout 
and brush each in thoroughly, taking special pains at the joints.” 

For plastering, a mixture of 1 of cement to 3 of sand was used 
with the addition of hydrated lime to the extent of 10 per cent. 
and Medusa compound to the extent of 3 per cent. of the weight 
of the cement. 

The brush coat consisted of a 3 to 2 mixture of cement and sand 
with 5 per cent. of the Medusa compound added. 

The 24-inch inlet pipe, which, by the way, also serves as an 
outlet, is located half way between the wall and the central column. 
It is flush with the surface of the floor. 

In a tank of this size we do not consider that there is any 
danger from ice. Ice forms in such fashion, little by little, that 
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the theoretical bursting pressure could not be applied at any one 
spot at any one time. The level of the water is constantly 
changing, and, in an underground supply like Waltham’s, the 
water is comparatively warm in cold weather. 

A candid statement of his mistakes by an intelligent man is often 
of more value than whole pages of description. I can truly say, 
however, after one year’s use that there are very few mistakes to 
record; certainly,every structural difficulty was met as we ex- 
pected. 

There are two points which I desire to mention: 

First,we allowed the contractor to use bolts with round shoulders 
to tie the forms together. After the wall was built and when 
unscrewing the outside sections to remove forms, the workmen, 
largely owing to their shape, occasionally jarred or moved and 
sometimes turned the permanent section, with the result that 
when the tank was filled, at many of these be't holes there were 
noticeable damp spots. At the present writing these have prac- 
tically silted up. We should have insisted on the square-headed 
bolts originally agreed upon. 

Except in rainy weather, when it is not so important, we found 
that we could build 3 feet of wall in two and one-half days, and 
this should have been the limiting time. In one case, owing to 
delay in assembling a larger steam plant, the contractor allowed 
a section of old work to stand for five days in hot, dry weather 
before building on new wall, and that particular joint has shown 
the most seepage. 

The body of the wall is not, and never has been, porous. The 
seepage, which has been very slight, and mostly such as the sun 
will dry up, has been confined to a very thin film at the joints, and 
to the bolt holes. Nothing has been done to the reservoir since 
it was first filled except that an uninspected third brush coat was 
applied at the joints by unskilled labor. Soon after the reservoir 
was put into use there was a considerable efflorescence, and a 
noticeable stalactite formation began to appear on the outer wall. 
I believe that the excess of free lime is certainly closing up the 
pores. The seepage has grown markedly less with use and no ill 
results followed the extreme cold of our last winter. 

As already hinted, the problems connected with a sca water- 
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proof concrete structure are very different from those incidental 
to the small tank. In the fall of 1906 I built a plain concrete 
tank in the ground, 50 feet from and below the river, with city 
labor, in which the concrete itself has been from the first abso- 
lutely watertight, and has shown no seepage whatever. This tank 
is 18 feet in diameter and about 18 feet deep, with 10-inch walls. 

Two inspectors were employed at the reservoir while work was 
going on. One was stationed at the mixer and the other attended 
to the work on the wall. These men were not only interested and 
faithful but the principal inspector was especially skilled in con- 
crete work. The inspection was of the best and is, I consider, an 
essential feature of our success. 

The architectural features were carefully planned. We fixed 
upon good proportions to begin with and decided, after thorough _ 
investigation into a practical way to secure it without additional 
cost, upon battered walls. No difficulty was encountered in 
securing this important architectural effect, and, as a matter of 
fact, the amount of concrete, and therefore the cost, was con- 
siderably reduced thereby. 

Mr. J. R. Worcester, the consulting engineer, who is a fellow- 
townsman, shared with me the responsibility for the design and 
specifications for this work. 


DISCUSSION. 


Mr. T. H. McKenziz.* May I inquire of Mr. Brewer whether 
the reservoir is built on earth or rock bottom? 

Mr. Brewer. It was mostly ledge. 

Mr. McKenzie. What was the thickness of the bottom? 

Mr. BREWER. Twelve inches. 

Mr. McKenzie. Can you give us any idea what was the cost 
per cubic yard of such a tank, including the bottom? That is, 
a sort of lump estimate of how much it cost per cubic yard, includ- 
ing everything, the forms and reinforcing. 

Mr. Brewer. I.should say from $20 to $25 per cubic yard, 
including the entire cost of the reservoir as completed. Of course 
I did not estimate it in that way. A remarkable thing in connec- 


* Civil Engineer, Southington, Conn. 
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tion with that question was that the contract was let for within 
a few hundred dollars of my estimate. 

Mr. McKenzie. Could you tell us what was your estimate? 

Mr. Brewer. I stated the cost in my paper; it was $26 000. 

Mr. McKenzie. Could you tell us the dimension? 

Mr. Brewer. One hundred feet in diameter, 35 feet to high 
water, 43 feet over all. 

Mr. Leonarp Metcatr.* Do you remember, Mr. Brewer, what 
that amounted to per cubic yard in round numbers? 

Mr. Brewer. I estimated the wall concrete, aside from the 
forms in steel, as about $8 for the work. 

Mr. Metcaur. I mean including the steel; in other words, the 
total cost per cubic yard of the structure. 

Mr. Brewer. Ofcourse a very different unit price would apply 
to the bottom. 

Mr. Metcatr. Yes; that should be separate, of course. 

Mr. Brewer. The concrete in the bottom cost about $7.50 
per cubic yard, while that in the walls and roof cost about $23. 

Mr. Metcatr. Mr. President, I have been immensely interested 
in the discussion of this structure, which it seems to me is a very 
creditable one indeed, and I should like to ask Mr. Brewer about 
the method of preparing the joints before depositing the fresh 
layer of concrete on the old. He spoke, I believe, of removing 
the forms as soon as possible and putting on the plaster coating 
on the inside. Did he at that time have the surface of the 
concrete washed down and cleaned, or was that done after the 
new forms were erected, and just prior to applying the concrete? 
I ask that for the reason that inside of such narrow forms as these, 
and with the steel in place, I should think it would be pretty 
difficult to do that work after the forms were in place. 

Mr. Brewer. The cleaning was always done before the new 
forms were erected. The wall, as soon as sufficiently set, was 
cleaned, thoroughly cleaned, with steel brushes. Then it was 
washed out very thoroughly with water from the hose, — we got it 
all as clean as we possibly could, —and then new forms were 
added. By the time the contractor was ready to fill the new 
forms, more or less dirt had collected from some cause or other. 


* Consulting Engineer, Boston, Mass. 


if 
| 
| 
| 
| 
i 
Hi 
> 
ad 
| 
i] 
ii 
. 


DISCUSSION. 335 


We were very careful to clean this out, give the old concrete 
another thorough washing, and make sure that it was all right 
before starting the new wall. Then, just before putting the new 
concrete on to the old, the grout was applied. 

Mr. Merca.r. - That was done with brooms, or something of 
that sort? 

Mr. Brewer. Yes, sir. 

Mr. Mercaur. Will you inform us what was the size of the 
largest slab used in the roof? 

Mr. Brewer. It shows on the plan —about 12 feet. The 
roof was designed for a load of 90 pounds, 60 pounds dead and 30 
pounds live load. 

Mr. Mercatr. You used a thickness of 3 inches, figuring on a 
slab of 12 feet? 

Mr. Brewer. Four inches in the center slab; 3 inches else- 
where. 

Mr. H. K. Barrows.* May I inquire, has the tank been filled? 

Mr. Brewer. It has; yes, sir. It has been in use now nearly 
a year. 

Mr. Barrows. There is no settlement between the earth 
foundation and the ledge foundation, as far as you know? 

Mr. BREWER. No, sir. 

Mr. Wm. F. Copp.¢ I should like to inquire, in case the stand- 
pipe should leak steadily, whether the rods would be likely to rust 
and lose their strength. 

Mr. Brewer. I don’t think we would allow it to “ leak 
steadily.” We don’t expect it to leak. It hasn’t leaked this 
year, and after going through last winter I-don’t think it ever 
will. There are many things we might do to it if it did leak 
to such an extent as to cause any apprehension. 

Mr. KennetH ALLEN.{ Mr. President, about two years ago I 
built a reinforced concrete coal pocket similar in some respects to 
this tank. It was 30 feet in diameter and 33 feet high inside, 
with a pyramidal top and conical bottom, supported on two 
annular cylinders, and the capacity was 400 tons. Of course it 
wasn’t necessary to have it watertight. 


* Civil Engineer, Boston, Mass. 
+ Superintendent of Water Works, Nantucket, Mass. 
t Division Engineer, Baltimore Sewerage Commission. 
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After placing the first set of rather long vertical reinforcing bars 
we had a very high wind without any apparent effect, but shortly 
after we discovered, by hammering, that three or four pilasters in 
which these were placed were not sound. Before completion the 
concrete in these was cut out and we found that the steel reinforce- 
ment had separated from the concrete. The material was in good 
condition and hadn’t cracked, but if it had done so and if the 
structure had been designed to hold water, the result can be 
imagined. After noting the above defects greater precautions 
were taken to keep the bars from swaying, the pilasters were 
repaired, and the work finished without further trouble. 

The proper securing of reinforcing rods from vibration is very 
important, especially in a tank of this kind, and I was interested 
in the very neat device used by the contractor for this purpose in 
Waltham. 

Mr. Brewer. In answer to the question about the possibility 
of the steel rusting, in the photographs of another reservoir that 
I have shown I think that steel was exposed two or three months, 
if not longer, — may be four or five, — and when I saw it there was 
no sign of rust on it. It was wet, quite wet, at the time. I 
suppose there is a safeguard in the alkaline nature of the water 
that passes through concrete that prevents rusting. You will 
find the facts stated in the account of the Attleboro reservoir 
in the JouRNAL.* 

Mr. McKenzie. I think the most uncertain thing about 
reinforced concrete tanks is the matter of the life of the steel rein- 
forcement. They will have to be used a sufficient length of time 
to determine the life of the steel rods. I had an experience in 
Meriden taking up a cement and sheet-iron pipe of the very best 
make. Our friend Mr. Bishop had charge of making and laying 
it. Nine years after they were laid we took them up and a large 
proportion of the sheet iron that was originally a quarter of an 
inch thick, or thicker, was entirely rusted out. The cement was 
from 2} to 3 inches thick on the outside and from 14 to 2 inches 
thick on the inside. Where the cement had adhered to the pipe 
it was perfectly bright, good, and strong, and where the cement had 
not adhered to the pipe there was simply a film of rust between 


* September, 1906. 
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the two coatings of cement. Three fourths of the pipe was justa 
film of rust; practically no iron there at all. I don’t know 
whether there would be the same result with a tank, whether 
the concrete would be sufficiently porous in a tank like the one 
that has just been described, so that the rods would corrode in 
any reasonable length of time. I don’t believe any one can tell us 
what would be the life of the tank, on account of the porosity of 
the cement. : 

PRESIDENT WHITNEY. We should like to hear from Mr. Maury 
on the subject. 

Mr. DaBnery H. Maury.* Mr. President and gentlemen: I am 
afraid what little I may have to add to this discussion is not 
directly in the line of Mr. Brewer’s very interesting paper for the 
reason that the reinforced concrete reservoir which I shall mention 
is not of exactly the same sort as Mr. Brewer’s. His structure was 
built as a standpipe and depended upon the ultimate strength of 
the reinforcement to resist rupture. The structure I have in mind 
was built as a wall, with a gravity section. Yet it may be of inter- 
est here to say a little about it because it is remarkable for at least 
two things: In the first place, for its size, which was 300 feet 
inside diameter, 15 feet deep at the wall, and 25 feet deep at the 
center; and in the second place, for the conscientious care which 
was displayed by the contractor in the construction of a piece 
of work on which he was making no money. 

A third feature which caused some comment was the small cost 
per million gallons of capacity of this reservoir. In addition to 
the reinforced concrete in wall and bottom, the work included 
30 000 cubic yards of excavation and embankment; 100 feet or so 
of 24-inch pipe, with a number of gates and fittings of the same 
size laid in quite a deep trench; and 1 000 feet of heavy fence, 
made of wrought-iron pipe and fittings. The entire cost of the 
whole structure was $34 000, or $3 400 per million gallons capacity, 
which I believe is unusually low. 

The advertisement for bids specified that bidders should submit 
their own plans and specifications for a 10 000 000-gallon reservoir, 
and there were practically no other limitations. The bids ran all 
the way from $27 000 for an earth reservoir to $55 000 for a heavy 
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concrete gravity section wall with a heavy bottom. The bid of 
the firm which employed me to prepare plans and specifications 
was $37 500. The firm was afterwards jewed down to $34 000, 
and then was awarded the contract. It completed the work in 
100 days, giving bond to keep the reservoir tight for five years. 
The reservoir is apparently in excellent condition after two hard 
winters. 

I had nothing to do with supervising the construction except 
that I went down occasionally to see what was going on. Some 
rather heroic tests were applied to the work during construction 
by the mayor of the city for which it was built. For instance, 


there was an embankment on the outside of the wall, and this 


embankment was raised to the height of the wall, at first back a 
little distance from the wall; then, when the concrete was only 
about seven days old, the space between wall and embankment 
would be filled in with water and the mayor then requested the 
contractor to dump the remaining part of the embankment, out 
of a bucket holding a yard and a half, into this water, so that he 
could see whether the wall was leaky. This test was continued 
all around the 950 feet circumference of the wall, and there was 
dampness on the other side in but five places, and in only one of 
those places did this dampness amount to a trickle, which did not 
exceed 3 drops per minute. 

The wall was 3 feet in thickness at the base, 1 foot at the top, 
15 feet high on the outside, and with a toe and heel which together 
made up a base of about 11 feet in width, forming a gravity sec- 
tion. I am unable to give from recollection many of the details 
as to the mixture. 

I might mention, perhaps, as a matter of interest, the way in 
which the forms were built. They were built in 10-foot cireum- 
ferential sections, the outside and inside forms fastened together. 
Eleven of these forms, making up a distance around the inside of 
110 feet, were set up in the beginning, and the concrete was placed 
in the forms from the center toward the end in thin layers, so as 
to give as long a joint as possible. Then, as the work rose inside 
the form to the top of the wall, the center forms would be taken 
out and moved to the ends and the work continued in one piece 
all the way around until the wall met on the other side. The 
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bottom was 5 inches in thickness and was reinforced with quarter- 
inch rods spaced 6 inches center to center. They were roughly 
woven in mats about 25 feet square; one of these mats would 
be laid down and then filled with concrete. There was a top 
dressing of a half inch of cement, sidewalk finish, and of a 
richer mixture, over the bottom. Ihaven’t been able to learn 
that there is any leakage. 

A description of this reservoir was published in the Engineering 
Record of March 3, 1906. 

Mr. W.C. Hawtey.* Mr. President, I read a paper before this 
Association some years ago and detailed methods used to secure 
watertight concrete for the lining of reservoirs. I have had no 
experience in work such as has been described here, and I would 
only say that the work which I described in my paper has proven 
very satisfactory. The only difficulty appears to be in getting a 
watertight joint between the blocks of the concrete. On the last 
reservoir which we built we used a joint of asphalt, the concrete 
being placed against a sheet of steel one eighth of an inch thick, 
the steel sheet withdrawn before the concrete had set hard, and 
the space filled with asphalt or what is known as “‘ mineral rubber.”’ 
That has been very satisfactory, especially on the bottom; it is 
not quite so satisfactory on the slopes. 

PRESIDENT WHITNEY. Wouldn’t it be of interest to have some 
expression of opinion as to the probability of the steel reinforce- 
ment oxidizing in a reinforced structure? Mr. Hawley, we have 
just heard from you, but I should like to hear from you in regard 
to that matter. I would like to ask your opinion as regards the 
probability of the steel oxidizing. 

Mr. Hawtey. I think, Mr. President, that it depends very 
largely on how the concrete is placed; whether it is given a fair 
chance to get a good bond with the steel. The old idea of placing 
concrete so dry that it had to be tamped has passed away, and 
nowadays I think it is generally recognized as far better practice 
to make the concrete so wet that it must form a solid mass. That 
is what I have done. Our men in placing it wore rubber boots, 
and they would sink into the concrete nearly to their knees. We 
had splendid results. 


* General Superintendent Pennsylvania Water Co., Wilkinsburg, Pa. 


| 
| 
ine 


340 THE WALTHAM RESERVOIR. 


As a matter of interest in this connection I might say that a few 
years ago the abutments in a bridge on the Monongahela River 
were torn down. Any one familiar with the water of the Monon- 
gahela River knows that at times it is frightfully acid from the 
sulphur of the mines. When one of the stones was taken from its 
bed a steel cold chisel was found imbedded below the stone in the 
mortar of the joint. - It had been there, I believe, for some thirty 
odd years, where this acid water certainly would have destroyed it 
if it could have reached it, but there was not a sign of rust on the 
chisel; it was perfectly bright and clean. I think that is pretty 
good evidence of the protection of steel where properly bedded in 
the concrete. 

PRESIDENT WHITNEY. The question has been raised, Mr. 
Hazen, in regard to the probability of the steel reinforcement 
ceasing to have any special effect to strengthen a cement concrete 
structure eventually. What is your opinion in regard to that? 
What is your opinion in regard to the oxidization of the steel? 

Mr. ALLEN Hazen.* I don’t know that I have any special 
information on that, Mr. President. 

PRESIDENT WHITNEY. You are supposed to have information 
on all subjects, Mr. Hazen. 

Mr. Hazen. I was reading a description of reinforced concrete 
structures to hold water under pressure the other day, and this 
description told about some cracks that opened, and the steel, of 
course, prevented their opening very wide, and the cracks were 
calked, and they went on using the structure. Now, generally 
speaking, it is supposed that concrete will protect the steel 
from rusting, but it seemed to me in this case that the fact that 
a crack opened across the line of the steel necessarily meant that 
the concrete had slipped on the steel for a considerable distance 
on either side of the crack, and the steel crosses the crack and is 
certainly exposed to the water and is likely to rust away there just 
as it would do in the open. I wondered if the structure would not 
be destroyed after a while by the rusting away of the steel at these 
places even though it was generally protected. My feeling in 
building concrete structures to carry water under pressure has been 
to build them so that there would be definite cracks; or,'in other 
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words, build the cracks or joints and let those cracks open and pro- 
tect them with some kind of an expansion joint. 

In the case of the reservoirs at Watertown, N. Y., which were 
built of concrete backed up with loose stone fill — which was 
the only fill available —the watertightness depended on the con- 
crete and on nothing else. The walls were built with some rein- 
forcing, and the cracks in the joints that opened were calked in 
cold weather. with oakum. That made the work substantially 
watertight, and it has so remained. The oakum is compressed in 
summer when the masonry expands, but in some way it seems to 
expand again in the winter, and keeps the crack reasonably filled 
so that it does not leak. It clearly does not do to calk the crack 
with cement, because, if this is done, in warm weather the corners 
spall off, and that leaves the crack in worse shape than it was 
before. 

Mr. Water H. Ricwarps.* Mr. President, I remember 
twenty-five or thirty years ago there were plenty of engineers that 
were telling how to protect the iron in a water pipe with cement, — 
what to do for the protection of the iron in cement-lined pipes. 
There are a number of us who have found out we were mistaken 
since that time, and perhaps it may be so with reinforced reservoirs. 
We can’t tell, but it occurred to me, while this paper was being 
read, that it would be very unfortunate if the reservoir should 
freeze over with any considerable thickness of ice. I presume that 
is amply provided against, but still it seems to me that there is a 
liability of its being unable to resist the ice pressure. I should 
say my prayers on a very cold night, anyway. 

Mr. A. A. Remer.f Mr. President, I thought that Mr. Fuller 
was going to give us his paper on waterproofing, so I was holding 
back what I wished to say. On the East Orange system we have 
two reinforced concrete structures that may be of interest in con- 
nection with this subject of waterproofing. One of the structures 
is a standpipe 50 feet high and 10 feet in internal diameter. The 
first 10 feet above ground is battered outside from 18 inches thick 
at ground level to 12 inches, the main shaft above this being 
straight 12-inch work. The roof is conical in shape, of 3-inch 
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concrete, covered with red tile for the sake of appearance. The 
Angus Smith process was used in waterproofing this structure, but 
unfortunately we have very little use for it, so have not been able 
to determine through the winter time —the most serious part of 
the year — the value of that waterproofing. 

The other structure is a 5 000 000-gallon reservoir, with 12-inch 
walls strengthened by inclined buttresses 10 feet on centers. The 
reservoir wall has a heavy embankment on the outside, and in this 
wall the Angus Smith process was used as waterproofing. Evi- 
dences of leakage became apparent soon after the reservoir was 
put in service two and one-half years ago. We were never able 
to determine whether the leakage was from the joints or by means 
of general seepage through the walls because of the embankment 
outside, but we had collecting drains around through the embank- 
ment to drain the embankment, and during all the dry periods 
we had a large amount of water coming from those drains, 
proving that there was a serious leakage from the réservoir. The 
floor of the reservoir was leaking also, this being proved by the 
drains laid under the reservoir. 

Beeause of these facts we took up the question of waterproofing 
this past summer, and after careful study I decided on the Syl- 
vester process as being the most satisfactory for our purpose. We 
have treated the walls and floor of the reservoir with this process 
and have met with what might be called absolute success. There 
seems to be no seepage or leakage from the drains now, and we 
believe this condition will be permanent. If the work on the old 
Croton gate chamber may be cited as a criterion we should find 
our reservoir tight for many years to come. I speak of this as 
showing what repair work can be done with the Sylvester process. 

Mr. Metcatr. How old is the Croton work? 

Mr. Remer. The dam is about seventy years old, but the 
waterproofing I speak of was done about forty years ago, I believe. 
The gate chamber is of brick. 

Mr. Hazen. I don’t know about that case. We have never 
experienced any difficulty in building concrete blocks so that they 
would not leak. I think if concrete is mixed wet, and is of the 

proper mixture and well worked down, the blocks themselves are 
tight. The only leakage we are afraid of is the leakage between 


— 
if 
if 
fi 
| 
‘Mi 
By 
: 
of 
i 


DISCUSSION. 343 


the blocks, or leakage from cracks that come where tlie length 
of a structure is so great that there are temperature cracks, or 
cracks from any other cause. Structures of some length, which 
may be as great as 100 feet, can usually be built and rein- 
forced so that they will not crack. But with large structures 
cracks must always be expected. _ 

Mr. Remmer. The Angus Smith process was used in the work as 
it was constructed, but the Sylvester process is what we used this 
past summer in making the structure finally watertight. 

Mr. Brewer. I should like to know if anybody here knows 
about the Sylvester process, as to how long it has been actually 
proven effectual. While on my feet I might add that it seems to 
me that this question of the rusting of reinforcing rods buried in 
concrete is very different from the rusting of the wrought-iron 
shell of cement pipes such as many water-works men are used to 
and are sorry therefor. I don’t think you can make a comparison 
between methods of doing one and the other. That ought to be 
borne in mind when you criticise the placing of rods in a concrete 
wall a foot or eighteen inches thick. 

Mr. A. Prescorr Fotweu.* A reservoir whch I built some 
years ago convinced me that in many cases all you need to secure 
imperviousness is well-made concrete; at least, that has been my 
experience. I have always borne the Sylvester process in mind, 
‘put never had occasion to use it. The reservoir referred to is 
about 200 by 300 on the water line, and the only application which 
I made, in order to make it tight, in addition to taking pains with 
the concrete, was to give it three substantial washes with neat 
Portland cement and water; each one being dried thoroughly 
before the next wash was applied. On filling the reservoir there 
was no leakage perceptible. We didn’t take any account of 
evaporation or dew-fall, but marks were made on the side of.the 
reservoir, —a very fine mark with a lead pencil, —and after 
watching for over a month we could see no perceptible r'se or fall 
in the reservoir. There had been no rain, by the way, during that 
time, and how much effect the dew and evaporation had in counter- 
balancing each other I couldn’t say. Another smaller reservoir, 
1 500 000 gallons capacity, was built in the same way. That a'so 
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was, as nearly as we could ascerta‘n, absolutely tight. We never 
found any leakage in that whatever. 

I was somewhat proud of the larger reservoir for another 
reason, perhaps a little apart from the watertightness of the con- 
crete, and that was, there was about three feet of an embankment 
on top.of the bed rock at one end and it was all embankment at the 
otherend. In other words, from half to two thirds of the reservoir 
was excavated out of rock, and the other end of the same reservoir 
was on dirt having a depth of 10 or 15 feet, possibly more, in 
thickness above the rock; but at the point of junction between 
the earth bank and the rock no cracks appeared in the concrete 
lining, so solidly had the embankment been compacted. The con- 
crete was mixed 1: 2}: 5, of broken limestone. The pressure was 
about twenty feet head. A large number of analyses were made 
of the broken stone and sand to determine what percentage of the 
various ingredients which were used in the mixture should be 
taken. As I say, we got apparently a very tight concrete and one 
which did not crack. The cement wash was very thin and did 
not form a coating to peel off later. 

The reservoir has been in use two or three years now and I 
believe has never leaked at all. I have made a great many smaller 
tanks, giving the same wash of Portland cement and water, and 
if there was any trouble it was because of cracking and not of 
perviousness. 

Mr. F. L. Futier.* Mr. President, I think concrete reservoirs 
are apt to improve in tightness with age and use, even if no inte- 
rior surface application is made. Much, however, depends: upon 
the quality of the concrete and the eare with which it is placed. 

I think a free use of very finely ground neat Portland cement, 
mixed with water to about the consistency of paste, thoroughly 
applied with a brush on the inside surface, is very effective. No 


doubt by allowing the original inside surface to be rather rough 


and, after removing the centering, putting on a thin, thoroughly 
troweled plaster coat of neat, or perhaps 1 to 1 Portland 
cement over the sides and bottom and then adding the brush 
coats, a reservoir can be made practically watertight. The 
Wellesley concrete-covered reservoir, built under the supervision 
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of F. C. Coffin, in 1897, was tested in January, 1907, by closing 
the outlet valve into the distribution system for the space of 
twenty-three hours, and no drop took place in the water surface, 
the reservior being nearly at high-water level. 

A number of other concrete reservoirs tested by me while 
new showed some leakage. No doubt a portion of the drop 
in the water surface was due to the absorption by the dry concrete 
of a certain amount of water. By the application of brush coats 
on the bottom and side, or in some cases of a thin plaster coat on 
the bottom, before the brush coat was put on, the leakage was 
materially reduced. After a reservoir has been put into service, 
it is, of course, difficult to test it unless it is one of a set which can 
be temporarily disconnected from the distribution system, but 
I am of the opinion that most of these concrete reservoirs would 
be found substantially tight. 5 

It is often advisable to place an underdrain beneath a reservoir 
to take away the ground water in the soil where the reservoir 
is located, thereby relieving the bottom of an upward pressure, 
due to the level of the ground water above the reservoir bottom. 

During dry weather the amount of ground water decreases 
and may fall below the level of the bottom of the reservoir. It 
then furnishes a means of measuring the amount of leakage from 
the reservoir, if any. In two instances, where used by me there 
has been no flow of water from the underdrain during the dry 
season, indicating the tightness of the reservoir. 

I have noticed in a section of cement-lined water main, newly 
cut out, something in the nature of a thin, transparent slime ad- 
hering to the surface of the cement forming the inside of the pipe. 
The same formation may exist on the bottom and sides of a con- 
crete reservoir, and might be seen, provided the reservoir could be 
emptied suddenly and inspected before the surface had time to 
dry. This slimy coating may have a decided tendency toward 
making the surface impervious to water. 

Concrete to be impervious to water when set should be mixed 
quite wet and after being dumped should be worked into place 
and manipulated so as to make as nearly as possible a solid mass 
with no voids. This is impossible with dry concrete. Wet con- 
erete should be worked with tools similar to a spade or a thin 
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and rather narrow chisel-shaped piece of iron or steel connected 
to a straight handle, rather than the ordinary flat cast-iron tamper 
having a considerable area. 

The agitation with these tools tends to dispel air bubbles and 
to settle and thoroughly mix the aggregates till the mass is prac- 
tically solid. ; 

The Sylvester method or process of waterproofing does not 
appear to have been largely used in this vicinity. In the only 
instance with which I am familiar, it did not prove very successful. 

Mr. ALLEN. Some years ago I put in asystem of sewers for the 
military post at Fort Supply, I. T. As there were no roads, and as 
some of the trenches were very shallow, a number of flush tanks 
were almost entirely above ground. They were built of brick 
with a 3-inch coat of natural cement plaster on both inside and 
outside painted with neat cement grout. Several of these per- 
sisted in seeping to a slight extent. Portland cement was not 
available, so I used the Sylvester process on the inside of those that 
gave trouble, and it was entirely successful. 

Mr. McKenziz. Mr. President, I have had a similar experience 
to Mr. Fuller’s with reference to washing reservoirs with neat 
Portland cement, applied with a brush. The year before last we 
built a dam some 16 feet high, using iron beams for reinforcement, 
and applied Portland cement wash to the face of the walls for 
waterproofing it, two coats, to make it absolutely tight. 

Last year we built another one, 19 feet in height, and the wash 
was applied with a brush, —neat Portland cement, —and it is 
absolutely tight. 

I am very glad to learn that the Boston engineers have found 
out that dry concrete doesn’t make a tight wall. Only a few years 
ago the Boston engineers practiced making concrete very dry, — 
so dry that it couldn’t possibly be consolidated. But I understand 
that they know now that they can use it wet. 

Mr. Brewer. Referring once more to the discussion as to the 
life of steel in a concrete structure built for holding water, I might 
add that that phase of the proposition furnished us very little 
anxiety. The following suggestions may, however, be of value: 

In the Waltham reservoir the-steel was thoroughly coated with 
and imbedded in a very alkaline semifluid substance which has 
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since become practically an impervious rock. There is no space 
around the metal for the accumulation of rust, or, to put it in 
another way, the space needful for oxidization is lacking. We 
must, therefore, conclude that oxidization cannot proceed very far 
with the steel properly embedded in the concrete. 

If we accept the most recent explanation of the rusting pro- 
cess, that corrosion is always due primarily to electrolytic action, 
we may summarize as follows: Oxidization cannot occur to any 
extent, because of: 

First. The alkalinity of concrete. 

Second.- Lack of space. 

Third. Limited supply of water. 

Fourth. Limited supply of oxygen. 


for logs and boring of same, and to contract for land through which 


RECENT IMPROVEMENTS AT PEABODY, MASS. 


RECENT IMPROVEMENTS TO THE WATER WORKS AT 
PEABODY, MASS., INCLUDING PUMPING PLANT - 
AND DISTRIBUTING RESERVOIR. 


BY FRANK A. BARBOUR, CIVIL ENGINEER, BOSTON, MASS. 


[Read September 11, 1907.) 


The Peabody water works were originally purchased from the 
Salem Aqueduct Company, one of the oldest in the country. The 
history of these works begins in December, 1796, the year the 
Boston system was introduced, when a meeting of subscribers of 
the Salem and Danvers Aqueduct Company was held at the Sun 
Tavern, Salem, Mass. At this meeting a committee of three was 
appointed to procure an act of incorporation, to make all contracts 


the aqueduct was to pass. The necessary funds for starting the 
work were procured by issuing one hundred shares of stock at 
$40 per share. A petition for incorporation was presented to the 
General Court in January, 1797, and an act of incorporation was 
signed by Gov. Samuel Adams on March 9 of tue same year. 
Work was immediately begun, the pipe line consisting of logs with 
a bore of 3-inch diameter, and by August the work was so far 
completed that the directors were authorized to dispose of the 
privilege of drawing water from the aqueduct for a term not ex- 
ceeding one year, under such terms and restrictions as they should 
judge proper. The rate for a family having one post was $5 
annually, to be paid semi-annually. 

In 1804, after the company had expended $44 000 on the works, 
it was found that the supply through the 3-inch log was inadequate, 
and it was ordered that a new log be laid for the aqueduct with a 
bore of not less than 5 inches. 

The first iron pipe, which was 6 inches in diameter, was laid by 
the company in 1834. In 1850 a 12-inch iron pipe was laid from 
the source of supply to Federal Street in Salem. In 1866 this 
12-inch pipe was extended to a point opposite the Market House 
in Salem. This 12-inch iron pipe is to-day the means of supplying 
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a small service district in Peabody. After 1852 all extensions 
were made with cast-iron or cement-lined iron pipe instead of logs. 
In 1865 a 16-inch cement-lined pipe was laid from the reservoir 
to Federal Street, Salem. To-day this pipe is one of the principal 
distributing mains of the town. 

In 1873 the town of Peabody purchased the works and fran- 
chise from the Salem Aqueduct Company for $125000. At the 
time of the purchase one hydrant, located at the Square and at- 
tached to the 12-inch pipe, was the only fire protection afforded 
to Peabody by the system. 

Originally the works were planned to furnish Salem and Pea- 
body with water by gravity from Spring Pond. After their pur- 
chase by the town, higher pressure being desirable, a pumping 
station was constructed at the corner of Foster and Washington 
streets, the water being drawn from the 16-inch gravity main and, 
after passing through the pumps, being again returned to this 
same main. In 1882 a standpipe 60 feet in diameter and 23 feet 
high was erected on Buxton Hill, with its high-water mark at 
elevation 180 above mean low tide. 

The pumping plant consisted of two Worthington pumps, one 
pump being a horizontal duplex, compound condensing type, rated 
at 2 500 000 gallons capacity, the other a horizontal duplex simple 
type of 2 500000 gallons capacity. The boilers were two in 
number, 15 feet long, 6 feet diameter, rated capacity 95 horse- 
power, and when operating carried about 65 pounds steam 
pressure. 

In 1902 the consumption had increased to a point where the 
capacity of the pumps was not sufficient to fill the standpipe 
without running well into the night, and the water stored in this 
way was so far depleted by the night draft that but little remained 
at the time of starting the pumps the next morning. It was 
therefore evident that pumps of greater capacity were needed 
and, if the pump run was to be limited to a reasonable number of 
hours per day, that a larger standpipe or a reservoir, capable of 
holding a supply sufficient for the town during the time the pumps 
were not in operation, must be provided. It was accordingly 
recommended that a pump of 5000000 gallons daily capacity 
be installed in a new station, located at the source of supply, thus 
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} doing away with the long pipe line between the supply and the old 
| station which, while originally a pressure main, had, under the 
increased draft, operated of late years as a suction pipe. 

It was further decided to construct a circular masonry reser- 
voir on Lookout Hill, of 2 500 000 gallons capacity, with its high- 
water mark at elevation 220, or 40 feet above that of the old stand- 
pipe, and to connect this reservoir with the distribution system 
by a 20-inch supply main 10 000 feet long, extending to the corner 
of Foster and Washington streets, the location of the old station. 

It is intended in this paper to briefly describe the pumping plant 
and reservoir which, while involving nothing of particular merit, 
- - are perhaps of sufficient interest to justify their being made mat- 
i ters of record. In the experience of the writer it has often ap- 
I} peared that while descriptions of large works can be readily found, 
i smaller plants have been more or less neglected, and. it is often 
difficult to obtain suggestive plans and information of the class of 
| work demanded for a community of ordinary size. 

; if Incidental to these improvements in the distribution system, 
some work was done in bettering the quality of the supply. 
a Around Spring Pond numerous small cottages had been located, 
a and there were evidences that the pollution of the water would 
rapidly increase unless precautionary measures were taken. 
‘ Application was accordingly made to the State Board of Health 
: for the establishment of sanitary regulations governing the water- 
-, shed, and, in addition, land was purchased for a depth of 200 feet 
f from the shore line, thus requiring the removal of all cottages to a 
considerable distance from the pond. The opportunity to invoke 
_ the powers of the Board of Health in the protection of watersheds, 
G by the establishment of definite regulations, is believed to be one 
: } of the most valuable provisions in the sanitary laws of the state. 
if While the final results depend on adequate supervision and in- 
= spection, these rules focus attention on the necessity for taking 
particular care in the case ot such watersheds as those from which 
' the Peabody supply is drawn. 

- Before entering upon a description of the pumping: plant, it 
may be well to briefly consider the records of consumption during 
| the past ten years in Peaboly. These are most abnormal in the 
relation of manufacturing and domestic use, and are of interest 
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in indicating how rapid may be the increase in the demand for 
water in a town depending on one particular industry which is, 
for the time, enjoying unusual prosperity. Tanneries and glue 
works constitute the local industry and use large quantities of 
water. In addition to the amount drawn from the town supply — 
879 000 gallons per day — probably as much more is obtained 
from private sources. 

The following table shows the water consumed each year in the 
pumping district since 1895: 


TABLE No. 1. 
Gallons Pumped. 


340 535 737 
353 418 735 
415 644 841 
377 248 159 


611 195 167 
639 508 600 
691 527 606 


From 1895 to 1906 the water consumption increased two hun- 
dred per cent., while the population increased by twenty-five per 
cent. The manufacturing consumption during this period in- 
creased two hundred and fifty per cent. The per capita consump- 
tion in 1895 was 87 gallons; in 1906 it was 145 gallons. The 
manufacturing consumption in 1901 was 32 gallons per capita; in 
1906, 67 gallons. 

The following table shows the increase in manufacturing con- 
sumption, domestic and public consumption and leakage since 
1901: 


Year. 
& 
if 
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TABLE No. 2. : 


Manufacturing Use Domestic and 
Total Average as by Public Use ‘and 
Year. Consumption. Meters. Gal- leakage. Gal- 
Gallons per Day. _lons per Day. lons per Day. 
1 200 000 354 000 846 000 
1 315 000 439 000 876 000 
1 520 000 620 000 900 000 
1800000 - 694000 1 106 000 
1 750 000 736 000 1 014 000 


879 000 


The increase in the column under domestic and public con- 
sumption and leakage in 1904 was due to increased leakage from 
the effect of the higher pressure from the new system. 

The Sunday and week-day consumption in 1906 is estimated as 
follows: 


Sunday. 64.M.to6p.mM.= 565,000 gallons per day 
6 p.m. to64a.M.= 425000 _,, ” 

Week day. 6 a.m. to 6 p.m. =1510000 
6 p.M. to6a.M.= 530000 


The consumption in 1906 may be divided as follows: For main- 
facturing uses, 67 gallons per capita; for domestic and public 
uses, 35 gallons per capita; and unaccounted for, including leakage, 
under-registration of meters, etc., 43 gallons per capita. 

The consumption between the years 1900 and 1905 increased 
41 per cent., and in the latter year it became apparent that no 
time should be lost in obtaining an additional source of supply. 
The town had already obtained the right to the waters of Suntaug 
Lake, and the utilization of this source was accordingly recom- 
mended, construction being begun in the summer of 1905. This 
lake is situated at a higher level than either Spring or Brown’s 
ponds and the addition of its waters to the old source of supply by 
gravity was, therefore, possible. The pipe line consisted of 20-inch 
and 24-inch pipe, laid in trench of ordinary depth for a distance of 
15 400 feet, up to the point where the ridge surrounding Suntaug 
Lake was encountered, the surface of which stands some forty feet 
above the hydraulic grade line of a gravity conduit. Through 
this ridge it was accordingly necessary to tunnel. This section of 
the work, 1 600 feet in length, proved most difficult, and the 
time necessary for its completion considerably greater than esti- 


~ 
j 
if 
wif 
| 
i 
4 
é 
Ke 


BARBOUR. 353 


mated, water not being run through the tunnel until July 1, 1906. 
In the meantime the abnormal increase in consumption had con- 
tinued, and during the winter of 1905-1906 the condition of the 
ponds provided a good object lesson that from a given water-shed 
and storage capacity only so much and no more water can be 
obtained. The records which have been kept between the years 
1903 and 1906 indicated that the Sudbury records were closely 
applicable to the Peabody conditions. 

Below Spring Pond an intake reservoir of 25 000000 gallons 
effective capacity extends northerly for a distance of 3 000 feet, 
and at its lower end the new pumping station was located. This 
reservoir constitutes the collecting point of all the different sources 
of supply, and if in the future filtration should be required it will 
prove a favorable location for the necessary plant, and the pump- 
ing station will be in the right position for the handling of purified 
water. 

From the reservoir a 24-inch pipe was laid to a concrete pump 
well underneath the station. Double screens of standard design, 
with catch baskets attached to the bottom section, were located 
in a screen-well also under the station. 

The pumping station is a brick structure with concrete founda- 
tions and includes coal-shed, boiler-room, machine shop, engine- 
room, and office. Emphasis was laid on good head room below 
the engine-room floor in order to make all piping and auxiliaries 
easily accesssible. 

The pumping plant consists of two 100-horse-power Stirling 
boilers and a 5000 000-gallon triple-expansion duplex Worth- 
ington pump with high-duty attachment. 

The boilers are standard Stirling construction with three banks 
of tubes connecting the steam drums with the mud drum and a 
Niclausse superheater suspended between the middle and rear 
banks of tubes. The boilers contain 990 square feet of heating 
surface and 28 square feet of grate surface and are designed for 
160 pounds working pressure. 

The superheater is planned to superheat the steam 100 degrees 
above the temperature due to a pressure of 150 pounds. It is 
practically the same as a Niclausse boiler element, and is so ar- 
ranged by dampers operated from outside the setting that the 
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gases can be by-passed around the superheater and thus the 
amount of superheat controlled. Owing to the location of the 
superheater it is practically indestructible and does not require 
flooding when steam is not circulating through it. 

The engine, as already stated, is a triple-expansion Worthington 
duplex, with high-duty attachment located between the high- 
pressure and water cylinders. The diameters of the steam cylin- 
ders are 12, 20, and 34 inches, and the nominal stroke 24 inches. 
The water plungers are 18 inches in diameter, and the average 
pressure pumped against is 165 feet. 

Reheaters are placed between the high and intermediate cylin- 
ders and between the intermediate and low-pressure cylinders. 
The steam cylinders are jacketed with steam at boiler pressure, 
which also serves to heat the tubes of the reheaters between 
cylinders. The condensation from this jacket space is collected 
below in a tank having a ball float which controls the steam 
supply of a 3 X 2 X 2-inch pump, which takes the water of con- 
densation from the tank and returns it to the boiler. 

In the exhaust line between the low-pressure cylinder and the 
surface condenser is a closed heater having 30 square feet of heat- 
ing surface. For boiler feed, water is forced through this heater 
by the delivery line pressure to a 44 X 2? X 4inch boiler feed 
pump, at a temperature slightly below the temperature of the 
main engine exhaust. The feed pump then forces it through 
a 15-square-foot closed heater which is heated by the exhaust 
from the feed pump, Westinghouse air compressor, and the jacket 
pump. The feed is thus put into the boiler at a temperature of 
approximately 200 degrees. 

Located in the suction pipe of the main engine is a surface con- 
denser of 228 square feet surface. A duplex air pump, having 
9-inch plungers and 6-inch stroke, driven by the motion of the 
main engine, takes the water of condensation from the condenser 
and discharges it to the sewer. 

Each cylinder of the engine has four valves operated by the 
Worthington semi-rotative valve motion, the feature of which 
is that there are no trips or dash pots, all motion being positive.. 

An early cut-off is made possible by the use of the high-duty 
attachment. This well-known Westinghouse device consists of 
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Fig. 1. Front View, Pumpine Station. 


Fie. 2, Dry Masonry OutsipE WALL AND DRAIN. 
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compensating cylinders and an accumulator, by means of which 
the surplus energy available at the beginning of the stroke is 
stored up and liberated at the latter end during the expansion 
of the steam. The accumulator has an air cylinder 17} inches in 
diameter and a water plunger 4} inches in diameter, both of 30- 
inch stroke. The compensating cylinders have plungers 43 inches 
in diameter, and the system is supplied by duplex pump having 
}-inch plungers and 4-inch stroke, driven by the motion of the 
main engine. These pumps receive water from the delivery main 
or tank that is supplied with clean water from the air pump de- 
livery. A 93-inch Westinghouse air compressor supplies the air 
for this system. 

No attempt was made to determine the efficiency of the boilers, 
the contract requiring a duty per 100 pounds of dry Georges Creek 
or equally good coal burned without allowance for ash, the work 
being done determined by the water pumped into the reseivoir, 
and the pressure obtained by the reading of a gage on a force main 
plus the distance from the center of this gage to water in pump 
well. Under these conditions the contractor guaranteed a duty 
of 130 000 000 foot-pounds. 

The following table gives the principal results of test: 


Principat Resutts oF OF PEABODY PUMPING PLANT. 


of ateam at boiler. .... 423 degrees 
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Displacement per revolution ...................eeeeeee 14.303 cubic feet 
Rate of pumping per twenty-four hours................ 5 671 965 gallons 
Duty per 100 pounds dry coal.................. 134 607 000 foot-pounds 


This relatively high duty for such type of pump working under 
the above-outlined conditions may be largely attributed to the 
superheating of the steam. 

The test was started and stopped without drawing the fire from 
under the boilers. Whether ten hours is long enough to nullify 
the personal equation in the different observations, and particularly 
in judging the depth of coal on the grate at start and stop, is here, 
as in all such tests, worthy of consideration. In the writer's 
opinion, moreover, tests of municipal plants should be made on as 
practicable a basis as possible and as nearly in accordance with the 
actual running conditions as may be arranged. One of the ele- 
ments not covered by a ten-hour test is the coal used in banking. 
Recently, in a plant where gas producers are now being installed, 
the writer called for bids from builders of both steam and gas 
engines, requiring, on an equal basis, a guarantee of duty deter- 
mined by a three-days’ test, the engine to run 8 hours and fires to 
be banked 16 hours each day, and the plant being charged with all 
coal used in banking and all standby losses. Such a test, it is 
believed, will eliminate to a considerable extent the results of 
expert firing and the relation of personal error in observation. 
It also expresses the relative expense of banking in the different 
types of apparatus. 

The station records of the Peabody plant are of interest. The 
duty, allowing 2 per cent. slip, on basis of total coal burned in 
1905, was 77 900 000 foot pounds, and in 1906, 81 500 000 foot- 
pounds. These figures are relatively 58 and 61 per cent. of the 
test duty. It is interesting to note that at Attleboro, with a 
compound crank and fly-wheel engine and a test duty of 
119 000 000, the station duty, including banking, is 61.5 per 
cent. of the test duty, and the experience of the writer is that 
the working duty will average about 60 per cent. of the duty 
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obtained in ten-hour tests. The duty at Peabody, without taking 
into account the coal used in banking, or on the same basis as test, 
is about 82 per cent. of the test duty. In Attleboro the equivalent 
figure is 85 per cent. The coal used in banking at Peabody, with 
the engine running ten hours, is about 28 per cent. of the total coal. 
At Attleboro, with a seven-hour run of the pumps, exactly the 
same percentage of the total coal is used in maintaining the fires 
during the time when the engine is not running. 

Few repairs have been necessary, and the engine is a smooth, quiet 
running piece of mechanism. Such a type of pump, however, 
requires more attendance, particularly in starting, than a crank and 
fly-wheel machine, and this is also true of the water tube boilers 
as compared with horizontal tubular, except where the former are 
operated in an extensive battery. The limited heat storage in a. 
single water tube boiler demands more constant attention, which 
is not justified by the quicker steaming capacity in a station where 
the load is constant. Therefore, while both the test and station 
duties obtained are good, the labor account is higher than would 
be necessary in a plant with horizontal tubular boilers and a 
crank and fly-wheel pump. 

Lookout Hill, chosen for the site of the reservoir, is one of the 
historic spots in the Revolutionary history, of which many are 
found in the neighborhood of Salem. From its prominence as a 
vantage point it early gained its name. When, in 1692, John 
Proctor and his wife, accused and found guilty of witchcraft, were 
hanged on the neighboring hill to the east, a group of interested 
spectators probably pushed and crowded for seats on the boulder 
which is now the special care of one of the historical societies, and to 
preserve which the reservoir had to be thrown as far to the south 
as possible. Again, tradition has it that when the Chesapeake and 
Shannon met in their historic fight a party of patriots gathered 
on this eminence and anxiously watched the course of events. 

This hill, which was the only one available with the elevation 
required for a reservoir, in formation was, roughly, an inverted cone 
of ledge covered with a slight depth of earth. The steep approach 
rendered the transportation of supplies difficult and expensive 
and made it necessary to utilize, as far as possible, the materials 
encountered in the excavation in the construction of the reservoir. 
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Fig. 1. ExcavaTIon OF LEDGE, AND CONSTRUCTION OF OUTER AND INNER WALLS. 


Fig. 2. FintsHep WALL, INLET Pipe, AND OUTLET SCREEN. 


q 
” 
| 
: j 
= 
OG 
4 
| 
. 
i 


BARBOUR. 361 


The leveling of the cone required the removal of about 5 000 cubic 
yards of earth and 6000 cubic yards of rock. The additional 
earth necessary to back up a masonry lining in the ordinary way 
could not be economically obtained. At the same time the desira- 
bility of leaving the. hill in as sightly a condition as possible made 
it necessary to dispose of the rock excavation without obtrusive 
spoil banks. 

It was accordingly decided to build a dry wall with the excavated 
rock, laid with interior vertical face on a circle, constructing this 
wall by merely moving the rock from the place of its excavation by 
derricks and placing it with only sufficient care to prevent sub- 
sequent settlement. Inside of this dry masonry wall it was pro- 
posed to build a wall laid with Portland cement mortar, using the 
_ stone excavated in the construction of the reservoir, but, with the 
idea that the stone might not come out in such shape as to permit 
its use in this way provision was made in the specifications for an 
alternate plan of lining the dry masonry wall with a wall of Port- 
land cement concrete. In this work, as in all recent work of the 
writer’s, the cement has been furnished by the contractor but paid 
for separately by the barrel. 1t was soon found that the nature 
. of the rock, which was a trap and which broke in all manner of 
shapes and sizes, made impossible the construction of a suitable 

wall of it, and by arrangement with the contractor it was finally 
decided to build a thin face wall of rough granite ashlar, obtaining 
the stone by splitting boulders, which were found in large quantities 
on the hill near the reservoir, and placing between this granite 
facing and the dry wall a concrete composed of natural cement 
and aggregate in the proportion of 1 part cement, 2} parts sand, 
and 5 parts crushed stone. The use of the granite facing obtained 
a structure more pleasing in appearance than would be possible 
with concrete, did away with the necessity for all form work, and by 
using natural cement in the backing of concrete, which effected a 
saving of $1.00 per cubic yard, did not involve much increased cost. 
_ The dry wall, which was placed on the outside to a rough slope, 
was covered with the earth obtained in the excavation of the reser- 
voir to a depth sufficient to utilize the material available. Thus in 
this reservoir the construction includes an inner lining, and back of 
this, for stability, a loose rock filling covered by a coating of earth. 
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Such construction is contrary to the usual method of placing 
against the lining the most impervious material obtainable. The 
danger with the scheme adopted lay in the fact that any leakage 
through the inner wall might be temporarily impounded by the 
outer layer of earth until it had collected to a point where the 
earth would be washed away. To prevent this the ledge was 
‘stripped as a foundation for the dry wall and on this foundation, 
and entirely around the reservoir, following the natural contour 
of the rock, a masonry drain was constructed with its outer wall 
laid in cement, thus providing a cut-off for all water which might 
seep through the inner lining. Outlets through the bank to the out- 
side of reservoir were provided at two points and all leakage was led 
out where it could be seen and measured. Actually this precaution 
has been of little or no value as the leakage has been practically 
nothing, one outlet being entirely dry and the other at times show- 
ing a dribble which probably comes from a spring encountered 
in the excavation of the ledge and covered by the concrete floor. 

The, ledge was very broken and seamy and the bottom of the 
reservoir was formed of two layers of concrete, the first of natural 
cement mixed 1: 3:6, used largely to level up the uneven rock; 
the upper of Portland cement concrete, mixed 1:2}:5 and 
troweled to a hard granolithic surface. 

The reservoir was enlarged from the original plan to a capacity 
of about 3200000 gallons. The total cost was about $48 000, or 
1.5 cents per gallon of capacity. The price paid for rock excava- 
tion, which included the building of the dry wall, was $2.25 per 
cubic yard. The actual cost of drilling was 37 cents percubic yard; of 
dynamite, .09 cent per cubic yard; of barring out, breaking up, and 
removing to the wall, 1.05 cents per cubic yard; and of placing in 
wall, including construction of inner face, 34 cents per cubic yard. 
These figures do not include any allowance for rent of machinery. 

The 20-inch pipe connecting the distribution system with the 
reservoir branches in the gate chamber,— one branch, the inlet, 
extending across the reservoir; and the other, the outlet, just 
through the wall. By check valves the water is compelled to 
traverse the reservoir and to pass through screens set over the 
outlet pipe. At times some sediment is settled out of the water. 
Gates are also provided in the gate chamber to shut off either 
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branch and permit examination of the check valves. A 12-inch 
pipe makes possible the draining of the reservoir and the blowing 
off of any accumulated deposit. 

The gate chamber is a dry well 13.5 feet in diameter, connected 
with, but outside the wall of, the reservoir, and containing, besides 
the various valves, the pipe’ for the float of the Winslow recording 
instrument. In this chamber, supported by an arch thrown across 
on a chord of the circle, is an overflow weir, connected on the 
reservoir side, by a pipe laid in the wall, with the water in the 
reservoir, and on the outlet side, by a 12-inch pipe, leading to the 
blow-off pipe in such a way that at all times there is a free vent, 
which cannot be closed, for any water which passes the crest of 
the weir set at the desired maximum water line. Numerous acci- 
dents have occurred in reservoirs not provided with overflows, 
and these even where the water is pumped. The design herein 
described, while supplying a free outlet, does not weaken the wall nor 
place the overflow in such position that it will be frozen in winter. 

The gates are provided with extension stems and are operated 
at the level of the ground in a circular masonry gate house con- 
structed over the gate chamber. Above this gate house is an 
observation gallery open to the public at all times, surmounted 
by a conical roof covered with red Spanish tiling. The gate house 
is constructed of stone obtained in the excavation, with seam faces 
colored by the iron contents. The view from this gate house, 
which extends over a wide stretch of country to the north and along 
the shore from Boston Light to Eastern Point at Gloucester, is 
well worth the trouble of climbing the hill to the reservoir. The 
town of Peabody owns a considerable amount of the adjoining land 
which, in its topography and situation, may well form the basis for 
some future park system. With these conditions in mind the 
committee believed that the construction of this gate house and 
observation gallery was justified, a fact which has been proved 
by their popularity as an objective point in the recreation wander- 
ings of the citizens of Peabody. 

Mr. H. F. Walker was chairman of the special committee under 
whose authority the work was carried out, and Mr. A. N. Jacobs 
is superintendent of the water works. The C. E. Trumbull Com- 
pany were the contractors for the reservoir. 
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CAST-IRON PIPE SPECIFICATIONS. 
BY WILLIAM R. CONARD, BURLINGTON, N. J. 
[Read September 12, 1907.) 


This article would perhaps have been more appropriately called 
“Some Possibilities of Cast-Iron Pipe Specifications,” for it is 
only intended to show what may be done. 

Let us suppose that the various manufacturers of cast-iron pipe 
have been thoroughly canvassed for the dimensions of their vari- 
ous pipe patterns and it is found, for example, that nearly if not. 
quite all of them have a size of fixtures that will make a pipe of 
dimensions that coincide exactly or very closely with those shown 
in the present New England Water Works Standard Specifications 
for Class ‘‘ F,” which we will say is for a pressure head of 300 feet. 
This we will consider is about the maximum head that will for 
ordinary water service be used. 

Again, taking these dimensions, we find that for a given class of 
pipe we have nominal inside diameters of 6 inches, 8 inches, 12 
inches, 16 inches, etc. The nominal diameter being also the 
actual diameter for the heaviest class, it gives the full carrying 
capacity of that size of pipe. We now wish to provide for a 
lighter class of pipe for a less head; we still maintain the outside 
dimensions of bell and body and same bell opening, and increase 
the internal diameter of the barrel, resulting in less weight of iron 
in the pipe, and a slightly increased carrying capacity, — this of 
course being more noticeable on the pipe of larger diameters, due 
to their heavier walls. 

The thickness is progressively reduced in this manner until 
the lightest class of pipe is reached, and the maximum internal 
diameter is given. By doing this, one standard outside diameter 
is maintained for all classes of a given nominal inside diameter, 
and a standard outside diameter adopted for which the foundries 
already have fixtures on hand, and their objection of having to 
make new fixtures and multiplicity of patterns is met. 
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But the foundries’ contention of a multiplicity of various 
fixtures is not altogether met yet, for just as soon as there is*a 
departure from a fixed diameter for that part of the core which 
forms the extreme end of the barrel of the pipe (the end next the 
socket and the end forming the spigot), it necessitates a change in 
fixtures, and is therefore undesirable. (See Fig. 1.) 

Under present methods of pipe manufacture, —and our best 
pipe makers have discovered no other, —it would be impossible 
to make pipe of various internal diameters and with straight inside 
lines (see Fig. 2) without multiplying the fixtures quite rapidly, 
but these can be very materially reduced; in fact, the reduction 
would then involve only a variety of core bars, and in the case 
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of the larger diameters of pipe, possibly two sets of core bars or 
spindles would cover the variety of classes, thus: 

By maintaining a set diameter at the ends of the core, and 
beveling the core for a distance from the ends, either toward the 
center from the lightest class to the heaviest, the heaviest class to 
be straight inside (see Fig. 3), or reverse this bevel so that the 
lightest pipe is straight inside, and as the weight increases the 
bevel increases (see Fig. 4). Your present specifications make 
provision for the beveling of the cores as shown in Fig. 3, but it 
is not illustrated in any way, and is, I believe, not altogether 
understood. 

There has been, almost ever since Standard Pipe Specifications 
have been discussed by any of the associations that have to do 
with their use, the question of whether it is possible to obtain one 
outside diameter for all classes of pipe of a given size; and offhand, 
except on a few of the smaller sizes where the extremes of variation 
as between the heaviest and the lightest pipe is a matter of only a 
few hundredths of an inch, I should say, no, unless some method 
of beveling the cores is resorted to. The question resolves itself 
to this: to have a uniform outside diameter for all classes of a 
given size is desirable, as it will enable any purchaser to order 
from the foundry any size and number of classes with the assur- 
ance that he will receive pipe that will all go together, and will 
enable the manufacturer to make up for stock pipe that will always 
go together with other pipe from his own or other manufactories, — 
he classifying them by weight merely in his stock yard. 

On the other hand, it is well understood that in the matter of 
friction, etc., it is desirable to have the interior surfaces of the pipe 
as nearly straight and smooth as it is possible to get, and that to 
have them beveled would be a deviation from this principle. The 
question is, Which idea has the greatest advantage? There is 
another matter that would have-to be considered, too, and that is, 
that for entirely new plants, a uniform outside diameter works 
out all right, and would continue to do so; but would a 12-inch 
pipe of, say, 133-inch outside diameter work in on an extension 
or replacement in existing lines that might have been made up of 
light pipe on a base of 12 inches only plus the thickness of wall, 
say, $ an inch, making the outside diameter of only 13 inches and 
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possibly the bell opening 13} inches? I am inclined to believe 
that if there was a thorough determination to adapt themselves to 
it, the management of existing works could and would readily 
find that conditions would not be as bad in such an incident as at 
first glance it might seem. 

Relative to that portion of specifications which would be text, 
rather than a table of dimensions, I would note the following: 
Up to the time the New England Specifications were drawn the 
usual custom of those purchasers accepting any pipe cut and 
banded had been to allow 6 per cent. of any given size ordered 
to be so cut and banded. In compliance with an urgent request 
from the manufacturers, this was increased to 12 per cent. for 
12-inch pipe and larger, and none for sizes less than 12 inches. 
The result has been in many instances a percentage of bad spigots 
greatly in excess of 12 per cent., and it has seemed that this 
allowance should be reduced, so as to try and avoid at least the 
intimation from some quarters that a premium has been 
placed on careless workmanship. Another matter is the proneness 
of the foundry to turn pipe out of the flasks while too hot; and the 
specifications should be so worded that the manufacturer suffers 
the penalty of losing the pipe if this is done in any instance, for 
while it may not be apparent in the pipe at the time, there will 
result an inequality of the strain on the molecules of iron, which 
makes the pipe a dangerous one and liable to burst at any time, 
even after passing all of the tests. 

Further, at most of the foundries the life of the inspector for 
the purchaser is rather a strenuous one, and one of the require- 
ments that might well be inserted would be one requiring the 
manufacturer to turn out all the pipe being made for any particular 
purchaser so that they are not mixed with other pipe for other 
parties, and also to clean, coat, weigh, prove, and pile or ship 
one day’s cast before putting any of a subsequent day’s cast 
through. This would be a decided relief to an inspector, and 
would enable him to report his work promptly to his employers, 
and eventually the foundries would, I believe, find it work to 
their advantage. 
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DISCUSSION. 


Mr. T. H. McKenzre.* Mr. President, I should like to inquire 
the opinion of the gentleman as to whether first-class foundries do 
not turn out pretty nearly as good pipe without inspection as they 
do withinspection? That is, won’t it stand the pressure just as well, 
stand all tests the same, whether it is made under contract or not, 
—a pressure, we will say, of 300 pounds to the square inch? I 
shouldn’t think it would be for the interest of the manufacturer to 
turn out defective pipe, whether an inspector is employed or not. 

Mr. Conarp. Mr. President, I wouldn’t be doing myself justice 
if I were to say that it wasn’t an advantage to have your pipe 
inspected. 

Mr. McKenziz. I have bought them inspected and without 
inspection, and I never could see much difference. 

Mr. Conarp. Pipe is usually made with a hole in the end and 
round outside, and water goes through. If one is satisfied to 
accept them in that condition, all well and good. 

Mr. Watrer H. Ricuarps.f Mr. President, I recently had 
occasion to let a contract for cast-iron pipe. A combination of 
pipe manufacturers offered to furnish it to me, if they could furnish 
their own inspector and their own specifications. In other words, 
I could go without it or I could get it somewhere else, which I did. 

The manufacturers are willing and anxious to write the specifica- 
tion, furnish the inspector, tell you how thick you want the pipe, 
and in fact do all the head work. It does seem to me that the 
party who purchases and pays for the pipe should have some- 
thing to say about it, and this is best accomplished by having a 
specification and a good inspector at the foundry. The inspector 
should see the pipe before it is coated because it is impossible to 
detect a defect in casting after the coating is applied. 

PRESIDENT WuitTNEY. It seems to me that Mr. McKenzie’s 
suggestion is almost too much of a temptation to the average pipe 
manufacturer. What do you think, Mr. Wood? 

Mr. Woop. I don’t quite catch your question. 

PRESIDENT WuitnEy. Mr. McKenzie thinks inspection un- 
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necessary. It seems to me that is putting almost too much temp- 
tation up to the pipe manufacturers. 

Mr. Water Woop.* I think the proper way to look at the 
matter of inspection is this: to a pipe manufacturer it is no 
disadvantage to have inspectors at his works. It is one of the 
easiest ways of keeping his men in order, because when you com- 
plain of your men not doing good work you can say the inspector 
said so, and you are relieved of any criticism from your labor. 
So I think any good pipe manufacturer should always be willing 
to have inspectors at his works, and I think, really, while we are 
talking on the subject, that this is the greatest use of pipe inspec- 
tors. I do not think that an inspector, as a rule, gets better pipe 
for a purchaser than if the buyer depended on the inspection of the 
pipe manufacturer which is based on long experience. Any pipe 
manufacturer aims to make good pipe, and I don’t think he know- 
ingly ships out any pipe which is bad. There is no doubt but a 
great many pipes are laid aside by inspectors which a pipe manu- 
facturer would ship out. There is no question about it. I will 
tell you a story. 

A prominent engineer said, “‘ I have got a bully good inspector. 
It makes no difference whether pipe is 6 inches or 60 inches in 
diameter, if a fly lights on it and leaves a speck he finds it and 
rejects the pipe.” 

Mr. A. A. Rermer.t Perhaps it is too bad to take issue with 
the last speaker directly, but in East Orange we have had a rather 
sad experience without inspection, which may be something in the 
line of help to one of the previous speakers on this question. We 
have a good many miles of pipe, from 4 inches up to 24 inches, 
and for some years we demanded no inspection except on our 
large sizes of pipe. We got all of our pipe from -one foundry, and 
felt, in consequence, that the foundry should at least keep East 
Orange in good shape when we wanted pipe, but it was our sad 
experience only two years ago to find that we were getting a poor 
quality of pipe. It was pipe, as Mr. Conard says, that was round 
on the end and outside, and it held water for a while, but that was 
about as near as it came to being real pipe. When I took up the 
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matter with the foundry and asked why we were treated in such 
a manner the president begged off, saying that he did not know 
that such pipe had been sent to us. I informed him that from 
that time we should employ an inspector. That is how Mr. Conard 


‘and I came to an understanding, and since then we have had pipe 
that is right. 


Another point is this: in buying pipe without inspection I 
believe that all of us pay a big premium. I know we have. I 
believe that the manufacturer will send out pipe far heavier than 
we call for or need. Say, for instance, that you call for 6-inch pipe 
of a class that should weigh, perhaps, 385 pounds per length under 
the specifications. Your pipe will probably average, without 
inspection, fully 400 pounds per length, instead’ of 385, and in a 
large order that becomes a large item in paying for dead weight 
that does you no good, if the pipe you have called for will with- 
stand the pressure you know to be sufficient. 

I would like to relate an experience which came my way about 
ayearago. One of our neighboring cities called us up and wanted 
to get some pipe from us. We were in a position to help out and 
let them have all they needed. When they came to replace it we 
were asked if we wished to exchange on the basis of weight. The 
pipe in question was 6-inch, and we had sent them pipe weighing 
about 385 pounds per length, New England Water Works Associa- 
tion specifications. We were offered in exchange pipe weighing 
about 440 pounds per length, average. I wondered how this came 
about for I knew that no such weight of pipe was needed in that 
place. Then I recalled a conversation I had had some time before 
with the neighboring superintendent, in which he assured me that 
he had no trouble in getting pipe promptly and at a price nearly 
$4.00 per ton lower than we were paying. When the offer was 
made to return such heavy pipe, I understood why their price 
was so low. That place was paying for probably 100 pounds 
useless weight in each length, and then was getting pipe that had 
been rejected by others, the seconds and thirds of the foundry. So 
I believe in inspection. 

And now, Mr. President, I wish to speak of one little matter at 
this time. Last fall at one of the meetings I had occasion to 
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mention by name a foundry that I criticised for failing to accept 
the New England Water Works Association specifications. At 
this time I wish to say, to be fair, that the United States Cast-Iron 
Pipe and Foundry Company, which is the one I criticised last fall 
for refusing to make pipe except on their own specifications, has 
very willingly complied with our specifications on the last few 
orders that we have placed. I think it is only due to them, inas- 
much as I criticised them last year, that I should say that they 
are entirely fair and willing at the present time. 

PRESIDENT WHITNEY. Is there anything further to be said in 
regard to Mr. Conard’s paper? 

Mr. Conarp. Mr. President, it is a little unfortunate that all 
the discussion there has been on the paper has resolved itself down 
to the question of inspection. That wasn’t at all the intention of 
the paper. It was intended to show you what could be done with 
cast-iron pipe specifications, and not what an inspector can do. It 
seems to me if we are going to have any discussion on the question 
of cast-iron pipe specifications it should be on the specifications 
themselves. 

Mr. McKenzie. Mr. President, I didn’t want it understood that 
I wasn’t in favor of inspection. I usually have an inspector myself, 
but I wanted to bring up a little discussion on the subject. As a 
rule you can inspect pipe on arrival and delivery, and with such 
inspection foundries are not liable to ship defective pipe. 

PresipENT WuitNeEy. I think you did bring out a little dis- 
cussion, Mr. McKenzie. Perhaps it would be interesting to hear 
from a manufacturer on this subject, —as to changes in the 
pattern. Mr. Wood, what do you think of Mr. Conard’s idea as to 
changes of patterns? 

Mr. Woop. That question of the interior changing of the core 
or the outside diameter of the pipe was very thoroughly gone over 
between the committees of manufacturers and the New England 
engineers when the New England specifications were drawn up, 
and I think what is in the New England specifications on that 
point is as fair a conclusion as could be found. I don’t think the 
manufacturers have any objection to the way it works out prac- 
tically, although the engineers asked them to do something which 
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they felt would be somewhat of a burden. So I think the New 
England specifications on the inside and outside diameters is a fair 
agreement. I don’t think either side has any wish to bring them up 
and criticise them. 

There is one question which I do not quite understand the drift 
of in Mr. Conard’s paper, — that is, the cutting off of the upper 
end of the pipe. There is no question but that it improves the 
casting —any casting —to have its upper end cut off. Any 
casting, even if it is apparently sound, has some slight defect which 
it is better to have cut off. I said so once before in one of the 
New England meetings, and I have been quite struck with some 
of the work we have been doing in this line. We have been trying 
cutting off the end of some of our pipe, and we have had people 
come back and say, ‘“‘ We prefer that kind of pipe; send us some 
more.” It gives a cleaner, better end to the pipe, and specifica- 
tions that provide for every pipe to be cut off will be a step in a 
better direction. It will give a higher grade of work altogether, 
give you better castings, and be more satisfactory in every way 
for yourselves and for the manufacturers, I think; the aim of all 
the manufacturers is to get good work, and cutting off the end of 
every pipe, 100 per cent., will give you very much better work 
than cutting the ends off from only 5 per cent. to 12 per cent. 

Mr. Conarp. Mr. President, I don’t know as there is anything 
special to be said in reply to Mr. Wood’s suggestion. The speci- 
fications now only call for an allowance of 12 per cent. of the pipe 
cast, and do not provide for any elongation being cast for cutting 
off. If the specifications were to be so arranged to apply to the 
cutting of 100 per cent. of the pipe, and called for an elongation to 
be cast on the end of the pipe, to take care of any bad metal there 
may be in the upper end, I agree with Mr. Wood that it can prob- 
ably be accomplished, just so long as the workmen in the foundry 
will see to it that they maintain that good standard of workman- 
ship. I don’t for a moment want to be understood as criticising 
the manufacturers or the management of the pipe manufactories, 
because I think without exception they all want to furnish good 
work and all want to furnish the best workmanship possible, but 
there are often times when they can’t keep track of all contin- 
gencies. 
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Mr. Woop. Perhaps I might say a word more. Of course, if 
every pipe is to be cut off there must be provision in the casting 
for cutting it off, and if the specifications are really brought up to 
the highest grade they will provide for five or six inches to be cut 
off of every casting; so you will always have a solid bead. 
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EXPERIMENTS ON VARIOUS TYPES OF FIRE 
HYDRANTS.* 


BY CHARLES L. NEWCOMB, MECHANICAL ENGINEER, HOLYOKE, MASS. 
[Presented by Robert E. Newcomb.] 
(Read November 13, 1907.) 


The fire hydrant, called in many places a fire plug, is an im- 
portant part of the fire apparatus which our cities and towns 
are providing to guard against the fire hazard. The importance 
of this apparatus is at once seen when we remember that on the 
average each year over one hundred million dollars’ worth of 
property is destroyed by fire in the United States. 

The object of these tests was a complete investigation of the 
fire hydrants now commonly used, and the work was divided 
into the following classes: 

1. The loss of pressure due to the friction of water in the hy- 
drant, the total loss being subdivided into barrel loss and nozzle 
loss. 

2. The discharging capacity of open hydrant butts at different 
pressures. 

3. The water-hammer caused by quickly closing the main gate. 
_ 4, General features of construction, certainty of action, strength, 
durability, ete. 

Some interesting data were also obtained on two 6-inch meters 
which were used in the tests. 

A few tests on several different hydrants were made in 1886 
by Prof. Selim H. Peabody, of the University of Illinois. The 
results of these were not entirely satisfactory. Mr. John R. 
Freeman, in his “ Hydraulics of Fire Streams,’’¢ gives a table 
the discharge of one open butt of a four-way independent gate 
hydrant at various pressures and some percentage corrections 
when using the table for other types of hydrants. Beyond 


* Somewhat abridged from a paper presented to the American Society of Mechanical 
Engineers in 1899. (Trans. A.S.M.E., Vol. XX.) Published by permission. 

t “ Experiments Relating to Hydraulics of Fire Streams,” Transactions, American 
Society of Civil Engineers, Vol. XXI, Table B - No. 3. 
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these tests the writer has been unable to find anything of import- 
ance, though diligent inquiry was made. In the experiments here 
described it was possible to test a large number of hydrants under 
widely varying conditions, and the aim has been to bring out 
results which would be of value to hydraulic engineers and hydrant 
manufacturers. 

The tests were made for the Water Department of the city 
of Holyoke, Mass., at the request of the water commissioners. 
They were carried on in the basement of the water-works shop, 
commencing in November, 1897, and ending in June, 1898, with an 
intermission of several months. The full facilities of the Water 
Department were at all times available, thus making it possible to 
go into the investigation with much thoroughness. 

The writer is indebted to Mr. John R. Freeman, of the Factory 
Mutual Fire Insurance Companies, for valuable suggestions 
from his large experience in testing work, and for the general 
coéperation of the Inspection Department of Factory Mutuals. 
-Mr. Frank L. Pierce and Mr. E. V. French, of this department, 
made frequent visits to the testing-room during the experiments 
and gave much help in planning the scope of the tests and the 
arrangement and handling of apparatus. The testing work done 
in 1897 and in January, 1898, was under the immediate charge of 
Mr. Ezra E. Clark, of Springfield, Mass. The work done in June, 
1898, was under the immediate charge of Mr. A. L. Kendall, of the 
Factory Mutuals. Messrs. French, Clark, and Kendall have also 
aided in carrying on the computations and in getting the report 
in shape for publication. 

The hydrants were in part bought from the manufacturers 
and in part loaned by them. In all cases it was fully explained 
that the hydrants were to be used in extensive tests and that 
the usual commercial article was desired. The cheerful co- 
operation of the manufacturers was of material help throughout 
the experiments. 

The mercury gages and the meter nozzle were loaned by the 
inspection department of the Factory Mutuals. The Trident 
meter was loaned through the kindness of the Neptune Meter 
Company. The Worthington meter was purchased specially for 
the work. 
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ARRANGEMENT OF APPARATUS. 


The water for the tests was drawn from the city mains, an 
8-inch pipe being laid into the basement for this work. The 
city is supplied by gravity from reservoirs, and the pressure 
was generally quite steady. The mains were of such size that 
all water needed could be obtained at good pressure. Fig. 1 
shows the general arrangement of apparatus. The 8-inch main 
was provided with a gate just inside the building. It then con- 
nected with a 6-inch Worthington meter. A short length of 
pipe connected the meter to a manifold with six outlets. To 
each outlet was attached a 6-inch gate, and each hydrant con- 
nected with a gate by a short length of 6-inch pipe. Plates I and 
II, made from photographs, show the general appearance of the 
apparatus. 

Piezometers. About 2 feet from the inlet of the hydrant a 
hole for 3-inch pipe was drilled in the cast-iron pipe and tapped. 
Into this hole a short nipple with a stop-cock was screwed, from 
which connections were taken for the gages. This connection 
served in place of a regular piezometer and can be relied upon 
to give sufficiently accurate results, as the velocities were not 
high and there were several feet of straight pipe back of the hole, 
so that a uniform condition of flow might be expected. Care was 
taken to drill the hole at right angles to the pipe and to prevent 
the gage connection from extending into the pipe. Care was also 
taken to remove any burr made in drilling. If either of these 
points had been neglected a false reading would have been the 
result. 

A }-inch hole was tapped into the back of the hydrant about 
on a level with the nozzles, and a connection screwed in with the 
same care as for the 6-inch pipe. To the 23-inch hydrant outlets 
special piezometers, as shown in Fig. 2, were attached. The 
circular space extended around the piezometer and connected 
with the interior by four }-inch holes drilled at right angles to the 
axis of the bore. The pipe leading to the gages was connected to 
this space between two of the holes. This arrangement materially 
assists in the accurate determination of the pressure when the 
velocity is high and the water is likely to be in eddies, as would be 
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the case at the outlet of ahydrant. At the end of the piezometer a 
50-foot line of ordinary 24-inch cotton, rubber-lined, jacketed fire 
hose, loaned by the Fire Department, was attached, which con- 
ducted the water to a meter nozzle located in the yard. When 
two outlets were in use two lines of hose were employed, and for the 
three- or four-way hydrants three and four lines were used. With 
two lines of hose two piezometers were used and connected 
together by a short length of }-inch pipe. The connection for 
the U-gage was taken from about the middle of this pipe. When 
using more than two streams only two piezometers were used, 
it being assumed that the average pressure was fairly well secured 
in this way without the use of a piezometer on each outlet. 


2" PIEZOMETER 
C. L. Newcomb M.E, 


SESTION 


Meter Nozzle. The meter nozzle was one designed by Mr. 
John R. Freeman for accurate water measurement. A cut of 
it is shown in Fig. 3.* The three-way connection joins a 34-inch 
smooth-bore play pipe, having at its end a 33-inch piezometer 
made on the same principle as the 24-inch piezometer shown in 
Fig. 2. To the end of the piezometer nozzles from }-inch to 
2}-inch bore can be screwed. When using four streams an ordi- 
nary Siamese connection was screwed to one of the inlets. For 
the six streams in the tests of the six-way hydrant, the fifth and 
sixth lines were run separately and each provided with an Under- 


* A full account of the original tests of this nozzle will be found in the Transactions, 
American Society of Civil Engineers, Vol. XXIV. 
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writer play pipe. At the base of one play pipe was a 24-inch 
piezometer, which was connected to the mercury column and 
turned on alternately with the meter nozzle. 

With the pressure at the nozzle piezometer accurately known 
the quantity of water can be readily computed. In all the friction 
loss tests the quantities were determined by the nozzles rather 
than by the meter. The Worthington meter gave trouble from 
its pulsations affecting the gages, so that the by-pass connection 


shown at the left in Fig. 1 was put in and the meter abandoned... 


C, Piezometer gage connection. 
Fig. 3. Meter Nozz.e. 


Later the Neptune meter was put into this connection and used 


for the last part of the open-butt tests. 
Gages. The nozzle pressures were measured by a mercury 
column * with a scale graduated to read pounds and tenths of a 


* For the general construction of the mercury column, method of graduating the scale 
to compensate for lowering of the cistern, weight of mercury, etc., see ‘* Hydraulics of Fire 
Streams,” by J. R. Freeman, Transactions, American Society of Civil Engnieers, Vol. XXI. 
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pound directly, and to include a connection for the lowering of 
the surface of the mercury in the cistern. The gage was con- 
nected to the nozzle piezometer by }-inch iron pipe and rubber 
tubing, care being taken to have the joints practically tight. 
The pipe sloped upwards from the nozzle, and a blow-off cock 
was placed at the highest point so that all air in the connections 
could be surely blown out. The gage was set up against the 
rear brick wall of the building, and the tube extended into the 


. second story of the shop through a hole in the floor. 


Losses of pressure were measured between the 6-inch inlet 
and the connection at the top of the hydrant; also between the 
6-inch inlet and the 24-inch piezometer. Thus the first gave the 
barrel loss and the second the total loss. The difference was 
then the nozzle loss. These losses were measured directly on a 
U-tube mercury gage made and connected about as shown in 
Fig. 1. For this gage a heavy glass tube with an inside diameter 
of about } inch was bent into the shape of a U with one leg about 
twice the length of the other. The tube was filled with mercury 
nearly to the top of the shorter leg. A short length of rubber tube 
was cemented to the top of each leg. This tube connected the 
glass to a fitting made up of ordinary }-inch pipe and containing 
stop-cocks and a blow-off cock for air. From these fittings con- 
nections of }-inch iron pipe or of rubber hose were taken to the 
points in the hydrants between which the loss was desired. Care 
was always taken to have the connections slope upward from the 
hydrant to the air-cocks so that when the cock was opened the 
swiftly flowing current of water washed out all air in the con- 
nections. 

These gages gave directly the gross loss of pressure between 
the two points with which connection was made, this loss being 
the difference in height between the two columns less a slight 
correction for a column of water of a height equal to this differ- 
ence. A measuring stick graduated directly in pounds and 
tenths of a pound was fitted between the legs of the tube and 
gave the readings directly in pounds. 

Open-butt Tests. In the open-butt tests the “water was dis- 
charged directly from the 23-inch hydrant butt. The floor of 
the test-room was of brick laid in cement with a large drain all 
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prepared especially for this work, so that the water could be 
blown out anywhere in the room. 

For the tests to and including No. 368 the mercury gage was 
connected to the 6-inch piezometer at the inlet of the hydrant, and 
a U-gage connected between this point and the connection on the 
back of the hydrant. The pressure at the outlets was then the 
mercury-column reading corrected for elevation less the friction 
loss through the hydrant, which was given by the U-gage. After 
test No. 368 the mercury column was connected directly to the 
nipple at the back of the hydrant barrel opposite the outlets. 
This gave the pressure directly at the outlets and was better than 
the first arrangement, as it avoided the errors of the U-gage. 

Friction Losses. In all the tests observers were placed at the 
different gages and took readings simultaneously at the sound 


of a bell, a warning bell being struck five seconds before the ~ 


time for the reading. The majority of the tests were of ten 
minutes’ duration, and readings were taken each minute. A few 
of the tests were of five minutes’ duration, and in these half- 
minute readings were taken. 

The following program was adopted for all the friction-loss tests: 


Size of Approximate Approximate 
Condition. Meter Pressure at Gallons per 
Nozzle. Nozzle. Minute Flowing. 
One hose outlet............. ? inch 66 pounds 130 
Two hose outlets............ » 375 


In all cases after the water was started ample time was allowed 
before the readings were commenced, to make sure the water had 
come to a steady condition of flow. 

Before or after each series of tests the zero reading of the 
mercury column was obtained by filling the gage connections 
with water and holding the end level with the center of the nozzle 
and then reading the gage. 
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At the end of a series of tests the averages were quickly com- 
puted and checked, and the gross loss in pounds and the gallons 
per minute discharged for each condition were plotted on cross- 
section paper and a curve drawn through the points. This gave 
a constant check on the work and quickly showed up any error. 
The occasional prompt finding of a discrepancy tended strongly 
to impress the observers with the need of care in taking readings 
and handling the apparatus. For this reason, and for the greater 
ease with which any trouble is located and remedied, and for the 
chance of studying the results and investigating at once while the 
apparatus is in place any special feature, this method of carrying 
the computations along with the work is believed of the greatest 
benefit to the experimenter. The chance of false readings was 
carefully guarded against by liberal blowing off of all connections 
before each test. For a number of hydrants series of tests were 
repeated to try the accuracy of the work, and it was almost 
invariably found that the two series agreed well within practical 
limits. 

The question was raised whether the high velocity of water 
through the 2}-inch hydrant butt might not cause such a con- 
traction of the stream as to affect the readings of the U-tube. 
Two series of tests were therefore made on one hydrant, one with 
the 24-inch piezometer next to the hydrant outlet, which was 
the usual arrangement, and the other with a piece of 24-inch 
pipe about 2 feet long between the hydrant and the piezometer. 
A special test for the friction loss in this 24-inch pipe was then 
made, and, correcting for this loss, the results were found to be 
practically the same in the one case as the other, showing that 
the piezometer screwed directly to the hydrant could be relied 
upon for accurate results. 

Computations. The average readings from each test have been 
copied on data sheets arranged with parallel columns. The 
main steps of the computations have also been put upon these 
sheets, thus giving a complete record of the work. The friction 
loss tests are arranged in alphabetical order according to the 
names of the hydrants, with all the tests on one make of hydrant 
grouped. The open-butt tests are in order of test numbers. For 
a few of the hydrants complete tests were not made for lack of 
time. The absence of data will show where these omissions occur. 
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The detailed tables of experimental results are not included 
with this paper since the TablesI to VI inclusive, and the dia- 
grams, show “the results in brief.” For further details reference 
may be made to Transactions, American Society of Mechanical 
Engineers, Vol. XX, where the tables are given in full. 

Open-butt Tests. The general method of procedure was the 
same as for the friction tests. The mercury column and the U- 
gage, in the tests where it was used, were read in the same way 
and with the same care as in the friction-loss tests. The quantity 
of water was obtained from the meters, the Worthington meter 
being used in all of the earlier tests, the Neptune meter in the 
later ones. The exact time in which the meter registered an even 
number of cubic feet was noted with a stop match. To get an 
even number of cubic feet a definite number of revolutions of one 
of the dial hands was timed. This method is free from possible 
inaccuracies in the graduations of the meter registers. 

The average readings from each test and the main steps of 
the computations have been placed on data sheets similar to 
those used in the friction-loss tests. 

On several hydrants tests were run first with the pressure 
taken at the usual connection at the back of the barrel, and 
second with the pressures taken at a connection tapped into a 
cap screwed to the other outlet if a two-way hydrant, and to any 
one of the other outlets if the hydrant had more than two out- 
lets. The plotted points from the two tests gave practically the 
same curve, showing that where more convenient there is no 
objection to using a tapped hydrant cap. 

Curves. In addition to the rough plottings which, as already 
stated, were made as the work progressed, final curves were 
drawn from the completed results. It was from these curves, 
which give the best means of averaging the several experiments 
on any one hydrant, that the data for the tables designed for 
practical use were taken. 

Figs. 22 to 43 inclusive show friction losses, giving actual 
friction losses for one coérdinate and gallons per minute flowing 
for the other. 
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Figs. 44 to 46 give similar plottings for the open-butt tests, pres- 
sures at the back of the hydrant being taken for one codrdinate, 
and gallons per minute for the other. 

These curves give convenient means of studying the general 
uniformity of results and for interpolating between the points 
given in the summary tables. They also. furnish a complete 
graphical record of the results which are shown in tabulated 
form on the data sheets. As many curves as were consistent 
with clearness have been plotted on one sheet, and in general 
hydrants of similar main dimensions will be found plotted 
together.- 

Accuracy. In the friction-loss tests the nozzle pressures were 
read to the nearest 0.1 pound, which represented a little less 
than one-quarter inch on the scale, and was, therefore, a very 
easily read division. The fluctuations under ordinary conditions, 
due to changes. of pressure in the city mains, were less than one 
pound. When more than this, the unusual readings and the 
corresponding ones on the other gages were thrown out. It may 
safely be assumed that the nozzle pressures were correct within 
one-quarter of a pound. At the pressures worked at, this would 
mean an error in quantity of less than 1 per cent. 

The U-gages in the later tests were read to the nearest 0.01 
pound; in the earlier ones to the nearest 0.05 pound, except 
for the very small losses, where somewhat closer readings were 
made. At the small losses there was almost no vibration of the 
mercury columns, thus facilitating accurate readings. For the 
larger losses careful throttling of the cocks reduced the vibrations 
to a small range. By plotting these losses with the quantities 
corresponding, and locating an average curve through the points, 
the errors tend to neutralize each other, and it will be seen by 
studying the plates that the points do very readily locate such 
curves and that but few of them lie far outside the average line. 
Losses read from these curves may be considered correct within 
2 per cent. Table I and the pyramid diagrams were made from 
the curves. 

In the open-butt tests the mercury column was read to the 
nearest 0.1 pound. The average pressure from the ten read- 
ings would probably not be in error more than 0.2 pound and 
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in general not more than 0.1 pound. In the tests where the 
mercury column was connected to the 6-inch piezometer the U-gage 
error also enters, but in general this did not exceed about 0.1 
pound. This means, when using the U-tube, a maximum error of 
0.3 pound, and without the tube, 0.2 pound. The percentage 
errors decrease with the increase of pressures. 

In estimating on the meter just when the dial hand with the 
meter in motion passes the zero point, an error of 14 cubic feet 
might be made. If the errors at the beginning and end happen 
to be the opposite direction, the maximum error would be 3 cubic 
feet. One hundred cubic feet was the smallest quantity passed 
in any test, and generally the quantity was considerably larger. 
Therefore in the worst case the percentage error in reading the 
meter does not exceed 3 per cent. The meters were calibrated 
by the nozzles, and an average curve plotted with meter readings 
for one codrdinate, and nozzle quantities for the other. The 
errors in the meters were found to be practically constant for any 
given quantity, so that an error of over 1 per cent. in the calibra- 
tion is improbable. 

The stop-watch was read to the nearest one-fifth second and 
was frequently rated so that with ordinary care the time should 
be correct within 1 per cent., and often closer. With the above 
errors happening to be all in one direction the determination of the 
discharge per minute in any one test might be 5 per cent. out. 
This would be the worst condition, and in general the error would 
be much less. 

In this work, as in the friction-loss tests, the results were 
plotted and average curves drawn. The results from these 
curves may reasonably be expected to be correct within 3 per 
cent. 

Considering all the above, it will be seen that the results are 
amply accurate for all practical purposes. 


HYDRANTS TESTED. 


The following cuts, arranged in alphabetical order, show the 
general features and dimensions of the hydrants tested. A study 
of the results of the tests in connection with these cuts will-show 
the reasons for the differences found. 
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Beaumont. Fig. 4 shows the general appearance of the hydrant 
tested. The casting towards the outlets was well rounded and 
the nozzles leaded in, making a smooth joint. 


Inside diameter of cylindrical 
barrel, 44 inches. 


Diameter of gate opening, 44 
inches. 


Tig. 5 shows a cross-section of hydrant barrel at gage connection. 


Inside measurements at gauge 
connection 4%"x 2%” 
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Chapman Nos. 1 and 2. Fig. 6 shows the general appearance 
of hydrants Nos. 1 and 2, but the hydrants.tested were simple 
two-ways with no steamer connections. The dimensions given 
are for the hydrants tested.. No. 1 was the regular commercial 
hydrant, and had sharp, jagged corners at the 23-inch outlets. 
In No. 2 the same casting was used, but. the corners had been 
chipped and filed and made as smooth as possible, working from 
the outside. The result was fairly smooth curves, but of short 


radius, probably about } inch. 


Gage connection: inside diameter of 


barrel at point opposite B 
For No. 1, 4% inches. 
For No. 2, 5 inches. 


Smallest inside diameter of barrel, 
5} inches. 


Diameter of gate opening, 5 inches. 
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Chapman No. 3. Fig. 7 shows the new-pattern hydrant 
called No. 3. This was a two-way with steamer connection. 
The casting at 23-inch outlets was smooth and well-rounded. 
Nozzles did not butt close against casting, but left a groove-like 
space about ,/; inch across. 


Inside diameter of barrel at gage connections, 
7? inches. 


Inside diameter of cylindrical barrel, 7 inches. 


Gate opening, oval, 63 inches by 5,%;. inches; 
equal in area to circle 5. Nine inches diameter. 
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Chapman Three-Way. Fig. 8 shows the three-way sandbipennias 
gate hydrant. Nozzles projected into hydrant about } inch and 
had flat ends, making sharp corners. The independent gate 
arrangement differs somewhat from that in the four-way hydrant. 
The guides are cast with the head and have rounded corners 
toward the current. The inside independent valve, when wide 
open, projects } inch to ,'; inch into nozzle openings. 


Barrel at gage connection, hexagonal; distance 
inside between flat faces, 6,°, inches. 
Round inside diameter, 6 inches. 


Cylindrical barrel inside diameter, 63 inches. 


Gate opening, oval, 5,’, inches by 4,°; inches. 
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Chapman Four-Way. Fig. 9 shows the four-way independent 
gate hydrant. The lowest point on the independent gates pro- 
jected about } inch into openings when gates were wide 
open. This caused a noticeable breaking of the stream in the 
open butt tests. 


Gage connection: inside diameter of 
barrel, 8} inches. 


Inside diameter of cylindrical barrel, 
6% inches. 


Diameter of gate opening, 6, 
inches. 
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Coffin Gate. Fig. 10 shows general appearance of Coffin hydrant, 
but the one tested had no steamer connection. Dimensions below 
are for hydrant tested. The nozzle entrances had well-rounded 
corners. 


Inside diameter at gage con- 
nection, 6 inches. 


Diameter at contraction, 53 
inches. 

Inside diameter of cylindrical 
barrel, 64 inches. 


Diameter of. gate opening, 43 
inches. 
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Coffin Compression. Fig. 11 shows a two-way hydrant with 
steamer connection. The 24-inch nozzle entrances had well- 
rounded corners. This pattern has no contracted section like 
that in the gate hydrant. 


Inside diameter of gage connec- 
tion, 6 inches. 


Inside diameter of cylindrical 
barrel, 6 inches. 


Diameter of gate opening, 5 
inches. 


Fie. 11. 
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Corey 4-and 5-Inch. Fig. 12 shows the general features of both 
4-inch and 5-inch barrel hydrants. They were both two-ways 
and identical except for size. In this hydrant the barrel gage 
connection was enough below the outlet to enter the cylindrical 
part of the barrel. 


Inside diameters at gage 
connection : 

For 4-inch barrel, 5} inches. 

For 5-inch barrel, 6} inches. 


Inside diameters of cylin- 
drical barrel: 

For 4-inch barrel, 4 inches. 

For 5-inch barrel, 5 inches. 


Diameters of gate opening: 
For ,4-inch barrel, 4 inches. 
Fie. 12. For 5-inch barrel, 5 inches. 
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Glamorgan. Fig. 13 shows the general features of the Gla- 
morgan hydrants referred to as Nos. 1 and 2. The castings 
of both hydrants were similar except that the outlets of No. 1 
were less than 180 degrees apart, or about like the ordinary 
hydrant. The nozzle outlets were not rounded, but presented 
square corners in the barrel. 

No. 2 was fitted with independent cut-offs attached to outlets. 
These were of a peculiar design, working on the principle of a 
piston valve, the shutting off being accomplished by revolving 
an external collar which moved the valves over the ports. The 
ports compelled the water to make several turns over sharp 
corners, accounting for a large frictional loss. 


Inside diameters at gage 

connection: 

For No. 1, 43 inches. 

For No. 2, 64 inches. 
= Inside diameters of barrel 
<= at smallest part: 
For No. 1, 5 inches. 
For No. 2, 63 inches. 


Diameters of gate opening: 
For No. 1, 4} inches. 
For No. 2, 63 inches. 


| 
q 
} 
\ 
CH 
| 
int 
| 
Hil 
Wi, Yj = 
il =f 
Newcomb ee 
Fie. 13.- 
4 
£ 
i 


412 EXPERIMENTS ON VARIOUS TYPES OF FIRE HYDRANTS. 


Holyoke Gate (4-inch, 5}-inch, and 6}-inch barrel). Fig. 14 
shows the general features of the nominal 4-inch, 5-inch, and 
6-inch hydrants. These were all two-way. Casting at outlet 
had rounding corners, but was rough, with small nubbles and 
projections. 


Inside diameters at gage connections: 
For 4-inch hydrant, 5,%; inches. 
For 5-inch hydrant, 6} inches. 
For 6-inch hydrant, 7 inches. 


Inside diameters of cylindrical barrel: 
For 4-inch hydrant, 43 inches. 
For 5-inch hydrant, 53 inches. 
For 6-inch hydrant, 63 inches. 


Diameters of gate opening: 
For 4-inch hydrant, 4, inches. 
For 5-inch hydrant, 5 inches. 
For 6-inch hydrant, 6 inches. 
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Holyoke Compression Nos. 1 and 2. Fig. 15 shows the general 
features of hydrants Nos. 1 and 2, which were both two-way. 
The casting at outlet had rounding corners, but was rough, with 
small nubbles and projections. 


Inside diameters at gage connections: 
For No. 1, 6} inches. 
For No. 2, 53 inches. 


Inside diameters of cylindrical barrel: 
For No. 1, 5} inches. 
For No. 2, 5 inches. 


Diameters of gate opening; 
For No. 1, 54 inches. 
For No. 2, 44 inches. 
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4 Holyoke Four-Way. Fig. 16 shows an independent gate hydrant, 


the condition at the nozzles being as shown in the cut. 


Inside diameter of barrel at gage connection, 
74 inches. 


Inside diameter of cylindrical barrel, 63 inches. 


Diameter of gate opening, 6 inches. 
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Holyoke Siz-Way. Fig. 17 shows the general appearance of 
the six-way independent gate hydrant tested. The main gate and 
barrel are of the same style as shown in Fig 14. The independent 
gates at the nozzle outlets are similar to those shown in Fig. 16. 


Inside diameters at gage connections: 
For upper connection, 94 inches. 
For lower connection, 9% inches. 


Inside diameter of cylindrical barrel, 10 inches. 


Diameter of gate opening, 8 inches. 
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Ludlow. Fig. 18 shows a simple two-way hydrant. The 
nozzle outlets were square-cornered, the sketch well showing the 


conditions. 


AS 


Fie. 18. 


Inside diameter at gage con- 
nection, inches. 


Inside diameter of cylindrical 
barrel, 7 inches. 


Diameter of gate. opening, 5 
inches. 
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Mathews 5-Inch. Fig. 19 shows the general appearance of the 
two-way compression hydrant, with steamer connection, tested. 
The hydrant was fitted with the double-valve arrangement, as 
shown in Fig. 19A. The casting of hydrant was rounded at the 
outlets to a radius of about } inch, not having the square corners 
shown in the cut. 


Inside diameter at gage connection, 
77, inches. 


LEVEL OF PAVEMENT 


Inside diameter of cylindrical barrel, 
4 inches. 


3 Diameter of both gate openings, 5,'; 
inches. 
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Mathews Four-Way. Fig. 20 shows the general appearance of 
a single-valve compression hydrant with independent gates at 
outlet. Fig. 19 shows the main valve arrangement of the hydrant 
tested, and Fig. 20 shows the design of the independent gates. 
In the hydrant tested the head was of somewhat different design 
to provide for the two additional outlets directly above those 
shown. When open the distance from valve face to outlet is 
from 14 inches to 1% inches. 


Inside diameter at 
gage connection, 8} 
inches. 


Inside diameter of 
cylindrical barrel, 6} 
inches. 


Newcomb 


Diameter of gate 
opening, 63 inches. 


Fic. 20. 
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Pratt & Cady. Fig. 21 shows the general appearance of the 
two-way hydrant tested, with steamer connection. The hydrant 
tested was fitted with independent gates for the 23-inch outlets. 
These gates were moved up and down by spindles through the 
head, somewhat similar to the Chapman and Holyoke hydrants, 
but the gates themselves. had rounding surfaces following the 
curvatures of the barrel. The casting at the outlets had square 
and rather ragged corners. 


Inside diameter at gage connec- 
tions, 6 inches. 


Diameter of cylindrical barrel, 83 
inches. 


Diameter of gate inlet, 6} inches. 
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THE RESULTS IN BRIEF. 


To put the results into shape for ready use the tables following 
have been prepared: Tables I, II, and III give the entire results 
of the friction-loss tests; Tables IV and V, the discharging capacity 
of open butts for the range of pressures covered by the tests. 
These tables were filled out by readings directly from the curves, 
Figs. 22 to 43 inclusive. 

To further aid in making comparisons and to put all the 
friction-loss data into shape to appeal quickly to the eye, the 
pyramid diagrams, Figs. 47, 48, and 49, have been prepared. The 
points selected for these diagrams correspond to one or more 
standard fire streams; that is, 250 gallons per minute through 
each line of 24-inch fire hose. 

The open-butt tables are of value in testing water-works 
systems to determine their capacities at useful pressures where 
either lack of time or facilities prevents using more accurate 
apparatus. In such cases the open butt gives, quickly and inex- 
pensively, fairly accurate results for this kind of work. Differ- 
ences in design and construction of the outlet materially affect 
the discharge, but a study of the tables, together with the cuts 
of the hydrants, will enable one to apply intelligent corrections 
for outlets differing from any here tested. 

In practice the gage would often be connected into a tapped 
hole in a hydrant cap and the cap screwed to one of the other 
outlets of the hydrant if it had more than one. This in all ordinary 
cases would give the same result as a connection tapped into the 
back of the hydrant, as was the case in most of the tests. The few 
tests in which the gage was connected first one way and. then the 
other show practically no difference in the result. 
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HYDRANT FRICTION Lossk 


TABLE I. 
Hyprant FrRiIcTIoN Losses—ONE STREAM FLOWING. 
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TABLE IV. 


DiscHarGe OF ONE OPEN Hyprant Butt. 


These figures apply only approximately to hydrants in general, because 
slight variations in construction, even in hydrants from the same shop, 
considerably affect the discharge from the open butt. 
drants will suggest corrections, so that with good judgment results accu- 
rate within from 10 to 20 per cent. may, in general, be obtained. 


The cuts of hy- 


Name oF Hypranr. 


Chapman No,1........ 


Gate... 


Corey 5-in....... Nee 

Glamorgan 4-in......... 

Holyoke Gate, 4-in. bbl . 
‘© 64-in. bbl. 


Holyoke Compr'n No. 1.. 

Gate, 6-way.... 
Mathews 5-in ...... ao 


Mathews 4-way...... ... 
Pratt & Cady........... 


* Pressure can be equally well measured by tap at back of barrel opposite outlets. ; 


DiscHARGE THROUGH ONE OPEN Butt or HYDRANT WITHOUT 


ATTACHED. 


GALLONS PER MINUTE. 


(DIAMETER OF OUTLET ExactTLy 2} INCHEs.) 


Hydrant Pressure indicated while Stream is Flowing. by Gauge 
attached to Hydraut as shown.* Pounds per Square Inch. 


547 | 667 | 765 
552 | 67 76 
371 | 458 531 
363 | 444 | 513 
497 | 607 | 701 
501 | 612 | 7 

520 | 640 | 737 
449 | 550 | 636 
500 | 612 | 703 
545 | 663 | 760 
512 | 628 | 723 
473 | 579 | 668 
533 | 653 | 752 
576 | 712 | 815 
465 | 565 | 633 
583 | 653 | 752 


10 2 | 


30 | 25 | 40 | 45 + 50 
743 | 799 | 852 /...... 
762 | 818 | 872|...... 
988 |1,020 |1,098 
928 | 986 1,034 | 1,077 

648 701 | 748 | 792 | 834 
630 | 680 725 | 767 | 806 
800 | 918 | 974]......).... 
800 | 924] 985 |......).... 
| 962 |1,025 |......].... 
| 
857 | 927 | 994 | 1,058 

921 | 992 /1,048 
876 | 942 |1,008 |......].... 
805 | 860 | 908 | 954 | 997 
912 | 982 |1,049 |......].... 
984 |..... | 
724 762) 796/| 827 | 857 
912 | 982 1,049 


3 423 
“SS | 
Fra. 209. 
— 
| 426 | 526 | 608 678 a 
a 
Chapman 8-way ........ | 593 | 
730 | a 
780 | 
Compression .....| 790 | 
820 
709 | 
| 783 | 
| 804 | 
743 | 
836 | 
| 903 | 
683 | 
| | | 


424 EXPERIMENTS ON VARIOUS TYPES OF FIRE HYDRANTS. 


TABLE V. 
DISCHARGE OF Two AND THREE OPEN Hyprant Botts. 


These figures apply only approximately to hydrants in general, becausc 
~~ SS slight variations in construction, even in hydrants from the same shop, 
considerably affect the discharge from the open butt. The cuts of hy- 
drants will suggest corrections, so that with good judgment results accu- 
rate within from 10 to 20 per cent. may, in general, be obtained. 


DiIscHARGE THROUGH OPEN BuTTs OF HyDRANT WITII- 


out Hose ATTACHED. (DIAMETER OF OUTLET Ex- 
6 | AcTLY 2} INcHEs.) GALLONS PER MINUTE. 
Nawe oF attached Hydrant Basel chown’ 
6 | Pounds per Square Inch. 
3 5 10 15 20 25 
| 
| 904} 1,158 | 1,897|........ 
Chapman 3-way............. | 876 1,074 1,228 1,329 
| 
Holyoke Compression No. 1....) 2 |........ UGS | 
942 1,152 1,326 1,406 
Mathews 4-way............... | er 890 | 1,089 1,238 1,341 
Holyoke Gate, 6-way..........| 8 


* Pressure can be equally well measured by tap at back of barrel opposite outlets. 
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Friction Loss (Lbs.), 


ONE HOSE OUTLET, 250 GALS. PER MINUTE. 


Nozzle loss shown 


Barrel loss shown 
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corgy 
Nozzle loss-/ 
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COFFIN GATE [_ 
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COREY 4/IN. 
HOLYOKEIGATE 6/4 IN. BBLL 
OREY 5 IN 
E GATE 41N. BBIL 
THEWS 6 IN, 
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GATE! L 
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L 
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Friction Loss (Lbs.), 


Nozzle 


TWO HOSE OUTLETS, 500 GALS. PER MINUTE. 


Barrel loss shown 
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_ DISCUSSION OF.RESULTS. _ . 


The data and results being presented in full give amplechances 
for complete studies. Under these conditions detailed com- 
parisons of the different hydrants have not been considered 
necessary or wholly desirable. A few general features may, 
however, be considered to advantage. 

Barrel Loss. The best point of comparison for the two-way 
hydrants is with two hose outlets in use and 500 gallons per 
minute flowing, as this represents the full normal capacity of 
the hydrant. Similar full-capacity points should be taken in 
comparing the larger hydrants. 

To make clear the composition of the so-called barrel loss, 
the following table has been made and shows about how much 
of this loss occurs in the barrels proper. The figures show at 
once that a large part of the loss must be in the gate and the 
sharp turn just beyond it, thus suggesting where to look for ex- 
planation for part of the large difference found. The distance 
from the center of the main gate to the center of the nozzles is, 
on the average hydrant, about 64 feet. The following table gives 
approximately the friction loss in 64 feet of clean, straight cyl- 
indrical pipe of the same smoothness as the inside of the average 
hydrant barrel. 


FRICTION Loss 1n 64 Feet. Pounps Per SQuaRE Inca. 
Gallons per Minute Flowing. 


Nominal Diameter — 
of Pipe (Inches). 2850. 500. 750. 1,000. 
4 0.11 0.41 0.62 1.54 
5 0.037 0.13 0.22 0.50 
6 : 0.012 0.059 0.098 0.21 

8 0.004 0.016 0.034 0.058 


The table was made up from tests on ordinary new clean 
wrought-iron pipe with 25 per cent. added to the wrought-iron 
pipe figures for the somewhat greater roughness of the inside 
of the average hydrant casting. The 25 per cent. was an as- 
sumption based on general experience with pipes ss various 
degrees of roughness. 

Comparing on the pyramid diagrams hydrants having two 
24-inch outlets, the difference in barrel losses is seen to be large. 
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It is at once apparent that the 4-inch gate * and barrel are too 
small for a two-stream hydrant. A 4-inch barrel and a discharge 
of 500 gallons per minute mean a velocity of about 13 feet per 
second, so that a short length of barrel with the smoothest sort 
of a turn at the bottom develops an unreasonable loss, and this 
loss becomes still larger with the ordinary gate arrangement and 
sharp turn-bend. 

Comparing further the hydrants which have about the same 
general dimensions, the difference in loss is considerable. This 
must be accounted for largely by differences in the design of 
the gate and the water passages in the immediate vicinity. Sharp 
corners, restricted sections, and sudden changes in the area of the 
passages all tend to produce eddyings, which use up pressure. 

Nozzle Loss. As already stated, the nozzle losses are pure 
friction losses, full correction for velocity having been made. 
To compare the outlets themselves, looking at them as simple 
nozzles, the condition with one stream on and 250 gallons per 
minute flowing is the best point. Studying the losses and the 
cuts together, the effect of sharp, jagged corners at the outlets 
is immediately seen, and the very material reduction in loss by 
even a slight rounding of the outlet is apparent. 

Considering the hydrant as a whole, by taking the conditions, 
with all of the outlets in use, it is seen that the average nozzle 
loss when all are in use is generally greater than with a single 
outlet in use. Separate tests on the two outlets of several hy- 
drants showed a difference in loss with the same quantity flow- 
ing. This would account for a small part of the difference between 
loss with one outlet in use and with all outlets in use. Most 
of the difference is, however, undoubtedly due to the increase 
in choking and eddying effects at the top of the hydrant with 
the higher velocities. A part of this is due to reactions from 
the eddies at the outlets, and a part to the construction of the 
hydrant head. 

The somewhat high losses with the Beaumont hydrant, con- 
sidering the rounding outlets, is probably due to the fact that 


* Tt was desired to have tests on some 4-inch-barrel hydrants to make the data complete, 
though most of the manufacturers would in general furnish larger barrels for two outlets. 
The 4-inch hydrant is, however, occasionally used. 
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the gage connection was necessarily several inches below the 
outlet, so that there was considerable length between the gage 
connection and the outlet, in which length some ordinary friction 
loss would occur. 

Total Losses. The total-loss pyramid shows the relative ob- 
struction caused by the different hydrants taken as a whole. 
The part of this due to the barrel has been cross-hatched and 
the part due to the nozzle left white, thus showing at a glance 
the relation of the two factors making up the total loss. 

It is desirable that the waste of pressure through a hydrant 
should be as small as it is practicable to make it. In high-pressure 
systems the losses found for the average hydrants are perhaps 
tolerable, but in lower-pressure systems — and many systems 
having a nominally high pressure become low under heavy drafts — 
every avoidable loss is objectionable. In the hydrants without 
independent gates a simple rounding of the corners of the core 
at the outlet will make a material improvement in the nozzle losses. 
Reduction of loss for independent gate hydrants is more difficult, 
but some improvement is probably possible without serious 
trouble. The fact that some makers have found out how to 
reduce the barrel losses, so called, to comparatively small amounts ~ 
is good working ground for improvements in those hydrants now 
having rather large losses. . 

It is not to be understood that this friction loss is the criterion 
for a perfect hydrant. Certainty of action under all conditions 
is of the greatest importance, but, other things being equal, the 
hydrant having the smallest total friction loss when working at its 
full capacity is the best. 


WATER-HAMMER TESTS. 


To get some measure of the water-hammer effect, caused when 
a hydrant is quickly shut down, the following apparatus was 
devised : 
. An indicator was attached to the connection in the 6-inch 
hydrant inlet which had been used by the U-tubes. The drum 
of this indicator was operated by clockwork in the manner shown 
in Plate III, and was so adjusted as to revolve once in from 
three and a half to four minutes. A small weight and cord kept 
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the pencil in contact with the paper during the taking of a card. 
Plate IT, Fig. 2, also shows the rig on a smaller seale. 

Two lines of hose were taken from the hydrant under test to 
the meter nozzle, and the hydrant gate opened wide. A 1}-inch 
nozzle was used and the pressure set at about 43 pounds by 
adjusting the gate on the inlet pipe at the entrance to the building. 
This gave a discharge of approximately 600 gallons per minute, 
which was considered a fair rate of flow for these tests. 

At a given signal the indicator cock was opened, the clock- 
work set in motion, and time taken. After running steadily for 
about one fourth of a minute the hydrant valve was quickly 
closed; that is, it was closed as quickly as an active man could 
close it, using an ordinary hydrant wrench. 

As soon as steady conditions were restored, the valve was as 
quickly opened again. This was repeated two to three times dur- 
ing the time that drum of indicator was in motion. Any variation 
of pressure caused by this closing or opening of the valve was 
recorded on the card. The time occupied in closing, and also 


MATTHEWS COMP, Test = HOLYOKE COMP, TEST | | we PRATT & CADY Comp. | 
NO.71-72-78 71 20” 14” NO. 89-90-91 89 172°] 104" NO. 100-101-102 100 | 20” 
NOV. 20, '97 72 | 195° | 14%" |S34 nov. 29, '97 90 | 12” | 16" DEC. 22, '97 vor | as” | 14" 
BPRING 80 72 | 19° | SPRING 80 | | SPRING 80 102 | 19” | 13° 
NO. OF TURNS TO OPEN #2 °F" NO. OF TURNS TO OPEN 10 <s NO.OF TURNS TO OPEN 1254 
" 108, 
68 70 67 
33g 334 MIN, 
COREY S'COMP. [rest | or] 4"GLAMORGAN COMP. Test | COFFIN Comp. [rest 
NO. 132-133-134 132 16" NO. 108-109-110 108 13” NO.83-84-85 83 
DEC. 22, '97 DEC. 22, '97 | NOV. 29, '97 
SPRING 80 134] SPRING 80 SPRING 80 es 
NO. OF TURNS bi NO.OF TURNS TO OPEN 28 1495 NO.OF TURNS TO OPEN 11 
TO OPEN 14 100 
70 70 
NOV. 19, '97 sz | 9¢ | 9” NOV. 19, ‘97 35 | | 135” DEC. 22, '97 | 144" | 15” 
SPRING 80 ss | sy" | SPRING 80 se | 135" SPRING 80 122 | | 14° 
NO. OF TURNS 132 NO.OF TURNS TO OPEN?4 (lO. OF TURNS"TO OPEN 13 
TO OPEN 14 100, 97 
70 
3 MIN, MIN, 
LUDLOW GATE Test | GaTe [Test CHAPMAN GATE [rest 
NO.117-118-119 117 16" NO. 20-21 | 20 | 17" | 18” | NO. 46-47-48 46 | 10 
DEC. 22, 97 118 | 16) | 17 NOV. 18, '97 18" nov. 19, “97 47 _[ 10" | 
BPRING 80 119 | 18” | 20” SPRING 80 SPRING 80 43 | 10" | 105" 
NO. OF TURNS TO OPENS7 97 NO.OF TURNS TO om 15 pe NO. OF TURNS TO OPEN 1634 
72 
336 Mi 3 MIN, 3 Mim, 


* Gate went hard near end of closing, preventing normal water-hammer action, 


Fie. 50. Water-HAMMER CARDs, 
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in opening, was taken by a stop-watch, so that some comparison 
can be made between the treatment given any one hydrant and 
another. Sample cards from the various tests have been picked 
out, grouped, and directly reproduced in Fig. 50. In getting 
this reproduction the delicate lines made by the pencil point of 
the indicator were carefully gone over with ink so as to get a 
card which could be photographed. 

This method of measuring cannot show just what the actual 
pounds rise of pressure in any particular case would be, as this 
depends on the arrangement of piping supplying the hydrant, 
and the drafts of water in the system independent of the hydrant 
draft. It does, however, give a rough means of comparing the 
different hydrants. 

The cards show that the gate hydrants give generally con- 
siderably less water-hammer than the compression type.* 

It was stated in explanation of the large hammer effects found 
in one of the special type of compression hydrants that firemen 
demand a hydrant which will give the full pressure at the earliest 
possible moment, so that a quick movement was purposely 
designed. It is firmly believed that in the long run it will be very 
much better to insure the safety of water mains by avoiding heavy 
water-hammer effects than to gain a few seconds of time at the risk 
of crippling the distributing system, very likely at the critical point 
of a fire. 

In several of the compression hydrants a vibrating effect will 
be noticed during the opening of the valve. This is apparently 
due to a chattering of the valve, and produces a rather undesirable 
water-hammer, as it is a series of quick, sharp blows. 


CONSTRUCTION, STRENGTH, ETC. 


Time prevented carrying on this part of the work as thoroughly 
as was desired, so that only partial results were obtained for 


* The comparatively small hammer shown by the Coffin Compression is probably explained 
by the special double-beat valve, which is designed to give a more gradual closir:> than is 
ordinarily obtained with the compression type of gate. 

The small hammer shown by the Pratt & Cady Compression is probably largely due to 
the fact that, when near the point of closing, the stream began to go hard, preventing a 
quick shutdown. The results are, therefore, not fairly comparable with the other hydrants. 
In the other hydrants the force required to open and close appeared about normal. 
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some of the hydrants, while on most of them a considerably 
further study of construction and general features would have 
been desirable. What data were obtained is shown in Table VI, 
about which the following explanations may be made: 

Column 3. The inside volume of the hydrant is the volume 
between the main gate and the caps on the nozzles. This was 
obtained by filling the hydrant completely full of water and 
computing the volume from the weight of water. 

Column 4. The time to drain the hydrant was taken from the 
instant the main gate was closed. Facts which developed as 
the tests progressed from the ordinary handling of the hydrants 
tended to show the desirability of having positive-motion drip- 
valves. Two of the hydrants had not positive drips, and in 
both of these the drips got out of order and failed to close when 
the main valve was open. The importance of having an abso- 
lutely reliable drip-valve, so as to reduce the chances of freezing 
to a minimum, must be apparent to every one. 

Columns 5 and 6. The hydrostatic tests were made with an 
ordinary high-pressure hand pump, which is shown at one 
corner of the room in Plate II, Fig. 2. The aim was not to break 
anything, but to see how the hydrant would act with a considerable 
increase of pressure above the normal. Table VI shows the 
results in full. 

Column 7. A broken or twisted valve stem is not an uncommon 
result of the excitement of a large fire. Sometimes a hydrant 
sticks, or a mistake is made in the direction to turn for opening 
or closing. Often in such cases, if one man cannot start the 
hydrant, two or more men take hold. In this connection it is 
somewhat surprising that so far as known no one has yet made a 
hydrant which is not liable to serious damage if a forcible attempt 
is made to turn it in the wrong direction, either opening or closing; 
something accomplishing what the ratchet on a stem-winding 
watch accomplishes seems possible and greatly preferable to the 
simple limit of breaking strength. Such a device might also give 
the fireman immediate evidence that he was wrong, thus saving 
time. A hydrant cannot be expected to stand unlimited abuse, 
but to get some idea of the ability of the hydrants to withstand 
such usage the following tests were made: Two ordinary men 
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were instructed to open each hydrant, using the regular hydrant 
wrench, which is 17 inches long, exerting their maximum strength 
in an effort to open the hydrant beyond its natural limit. If no 
injury resulted they closed the hydrant, exerting again their 
maximum strength after the hydrant was completely shut. 

These tests, therefore, took the strength of two ordinary men 
using a wrench of definite length as the measure of the force 
applied. It is not exact in any way, but gives some results 
which, in a practical way, are somewhat useful. 

In most instances some injury was done to the hydrant, the 
stem generally being the point to give way, though in one case 
the bottom of a hydrant was actually pushed out by attempting 
to open it beyond its natural limit. 

Durability and Repair. Time did not give a chance for any 
complete tests on the durability of the working parts of the 
hydrant, but starting with the assumption that a hydrant might 
be opened on an average ten times a year, and should be good 
for a service of twenty years, each hydrant was opened and 
closed two hundred times. No special derangement of wear 
resulted, except in two cases, in which the stuffing-box nut on 
top of the hydrants showed a tendency to work loose. 

In a number of the hydrants the design has been made with 
the idea of facilitating repairs. In some cases this resulted in 
considerable restriction to the water ways. It is believed that 
in most cases, by keeping the desirability of free water ways in 
mind, ability to make quick repairs can be combined with smooth, 
free waterways. In this connection the friction-loss tests will be 
of value in showing what can be done and what should be avoided. 


METER TESTS. 


As previously stated, the two large meters used in the open- 
butt tests were calibrated by the nozzles, the quantities by the 
nozzles being assumed to be correct. This calibration work was 
done in connection with the regular tests, but has been tabulated 

-independently, and the data in full are given in Tables VII and 
VIII. From these data a curve was plotted for each meter, with 
nozzle readings for one coérdinate and meter readings for the 
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if other (see Fig. 51). From this curve the corrected meter read- 
ings were taken directly in working up the open-butt tests: 
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= : tunity to determine the obstruction to the flow of water; that is, 
4 : the friction loss caused by the meters. As this may become an 
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important feature where handling large quantities of water, and 
as data on large meters with high rates of flow are not very com- 
plete, a few tests were made to determine this loss. The method 
of testing followed was similar to that employed in the series of 
meter tests reported by Mr. E. V. French in the JOURNAL OF THE 
New EnGLanp Water Works AssociaTion.* A gage connection 
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was tapped into the 6-inch pipe at each side of the meter and a 
short distance from it, the connection being arranged the same 
as those at the inlet pipe of the hydrants. Between these two 
connections a mercury U-gage was attached, and the friction 
loss caused by the meter with various rates of flow was read 


*** Losses of Pressure Caused by Meters in Factory Fire Supplies,” JouRNAL OF THE 
New Encianp Water Works Association, vol. XXII, No. 2. 
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directly from this gage. The loss in the short lengths of the 
6-inch pipe between the gage connections and the meter is included 
in the meter loss, as it was too small to be of practical importance. 
These data also appear in full in Tables VII and VIII, and the 
results have been plotted on Fig. 52, with the gallons per minute 
as one coérdinate and the losses in pressure in pounds as the 
other. 

The question is sometimes raised as to what would happen if 
the moving parts of a meter became blocked, an accident which 
may happen where a fish-trap is not provided with the meter, 
and which is a possibility under some conditions even where a 
fish-trap is used. After the hydrant tests were completed, a few 
experiments in this line were made with the Neptune meter, the 
owners having kindly consented that any sort of tests should be 
made with it, regardless of the results. The cover was removed 
and wooden wedges inserted, so as to hold the disk in various 
positions. It was found that it could be blocked so that almost 
no water could go through it, and that any degree of obstruction 
between this and a free opening could be obtained. With the 
meter blocked in various positions, full water pressure was turned 
on behind it to see if anything would be broken or sprung; and 
when in the position where practically no water got through the 
meter, the pressure warped the disk, though not enough to appre- 
ciably increase the flow of water. 
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TABLE VII. 


TEsTs ON 6-INCH WORTHINGTON WATER METER. 
1 2 3 4 5 6 ? . 9 10 
$3 
Diam. | Pressure | Gajions Gallons| a2] | ZSA 
Buration| of at per Far per | 282] 3% 3 
q "| Inches. Nozzle. | Meter. | Meter. | ag 2 
| | 
m. 
488 10,1897) 11) 01% 3 66.70 | 135 200 135 0 
489 ‘ 11)443 | 14 46.49 | 255 400 255 0 1.29 j 
490 11} 29 it 58.18 | 340 500 326 |+14 2.22 
491 10}013 | 1% 24.14 | 458 600 448 }+10 4.24 
492 se 10) 113 17.44} 518 700 514 |+ 4 5.41 
493 s 10 14 64.60 | 375 500 360 | 15 2.75 
494 “ 10}423 | 1 30.84 | 514 700 488 | 26 5.18 
495 +e 10/08} | 1 44.63 | 623 800 590 | 33 7.45 
496 10)553 | 2 33.84 | 722 1,000 684 | 38 | 10.00 
497 10} 123 |. 24 16.87 | 848 1,100 806 | 42 | 18.80 
498 % 10/403 | 24 25.53 | 1,044 | 1,400 981 | 63 | 18.50 
499 aS 11/12 a 65.66 | 134 200 134 0 0.50 
500 4 11/524 | 1 46.07.| 254 400 252 2 1.31 
501 |Dec. 11, 1897) 11| 88% it 51.77 | 336 500 821 | 15 2.32 H 
502 13] 26% | 13 23.87 | 457 800 445 | 12 4.17 | 
503 10} 12% | 2 17.23 | 516 700 512 4 5.55 
509 as 11/11 65.68 | 184 200 134 0 0.50 i 
510 Ns 11)58} | 1 45.73 | 254 400 252 2 1.40 | 
§11 11}32% | 1 52.96 | 340 500 323 7 2.29 
512 10/064 | 13 23.95 | 457 600 444 13 4.18 
513 bi 10} 02 18.36 | 531 700 §22 9 5.85 i 
519 |Dec. 18, 1897) 11) 11 4 65.7 134 200 184 0 0.50 
| 14 |. 45.94} 254 400 253 1 1.41 
521 11/303 | 1 53.25 | 340 500 824 | 16 2.39 
§22 as 11/473 | 13 23.65 | 455 700 444 11 4.18 i 
523 | 2 18.3 530 800 522 8 5.75 
§24 11/15 3 64.78 | 133 200 133 0 54 
§25 * 11/52} | 1 46.00 | 254 400 252 2 1.45 
526 ‘ 11| 33 1 58.08 | 340 500 824 | 16 2.26 | 
§27 10} 083 1} 23.86 | 456 600 443 | 13 4.08 
528 ih 11/18% | 2 18.69 | 537 800 529 8 5.80 
591 |Dec. 16, 1897) 11/19 2 18.87 | 540 800 529 | 11 6.11 
592 i 11/014 |. 12 14.00 | 350 500 341 9 | 18.60 
593 45 11|844 | 12 18.2 398 600 886 | 12 3.24 
594 bs 11/22% | 13 26.9 485 700 462 | 23 4.65 ‘ 
. 595 bi. 10;28% | 1% 82.0 528 700 498 | 30 5.20 
596 ne 114/063 | 14 37.2 570 800 539 | 31 6.31 
609 5/56 2 9:76 | 388 300 
610 45% | 2 29.76 | 578 500 
611 11] 45 12 18.23 | 398 600 
612 11] 212 13 27.04 | 485 700 
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TABLE VIII. 
Test ON 6-INCH TRIDENT WaTER METER. 
1 2 3 4 5 6 7 8 9 10 
Pres Diff. i Bey 
‘re . ip 88 
| mest | | | | pera. | “Gauge 
es ozzle abic | per r Min. auge 
No. Test. Test. | Nozzle. Minute | Feet by|Min. by on Connections 
ead Inches,|Cor'ted| bY | Meter. | Meter. | Standard uals 
‘| Lbs, | Nozzle. (6-8). eter 
Loss. 
m.| 8. 
: 875 | June 2, 1898. 5 66.04 135 90 130 + 5 
876 | 44-41} 170] + 8 
: 13 | 50.31} 332] 230) 328) + 4 
2 | 16.93] 530| -19 1.68 
go; “ “ 13 | 41.62] 301] 200| 296] + 5 0.47 
4} | 29:58] 507] 507 0 1.50 
| 44:52] 623] 420| + 4 2132 
“ | 2° | 33.26] 708] —15 3:20 
2 | 15.52) 807} 560) 8% | —19 4.10 
19.60 916 250 929} —13 5.40 
887 | 12 | 39.99) 590} 160) — 2 2.16 
| 18.43] 400] — 5 1.02 
1} | 41:52] 300] 301) 1 0.57 
« | glo | 29:29] 506] 140) - 1 1.53 
1 43.00} 612) 170) 615) 8 2.21 
ea} “ “ | 2 | 33.56| 20} —7 3.23 
gos; | 15.72] 835 | — 16 4.30 
2 | 19.47] 160) 561] —12 | 1.85 
2 | 94.74] 71] 210) 745| 3.46 
i go} 2 | 17.8] 250) | 20 4:89 
|“ | 22:65) 982] 970} 1,001| —19 6.18 
we} “ | alist je & —20 8.57 
gor} fe & 13] 120-87 1,156 1,194 | — 38 8.77 
24 17.50 
02 |, 13-8 1,287 1,260 | 23 9.67 
1,197 | June 21, 1898, | | 6.31] 19] 198] 2 0.14 - 
14 | 47.16 258 110 260} 2 0.32 
14 | 51.51] g38| - 4 0.66 
1200] “ it | 24:61] 463] 200| 478 | —15 1.33 
| 2 | 16.65] 507 5a | — 1.66 
13 | 41.47] 802} 130) 302 0 0.55 
1h | 28.34] 494] 508} —14 1.47 
“ “ “ | 1 | 45.86] 639) —10 2:81 
“ “ “ | | 2 | 740) —15 3.20 
“ “ | | 16.59] —18 4.58 
| 19.14] 417] 416] + 1 1.05 
2 87.63 761 320 75 | —14 3.57 
~ % | 20.21| o49| —19 5.40 
2 | 20.44] 861) —13 1.97 
2 | 3.87| 745| s10| —14 3.49 
% | 18.49) 96) —17 5.02 
| 2553} 1,023]  430/ 1,063] — 40 6 77 
“ | 14 | 42.97] 130| + 6 0.56 
| 27.99] 200] — 4 1.73 
vaz7| “ | slot | 45.59] 642] —12 2.44 
2 | 33.61] g0| 72] —12 3.30 
“ “ | glo | 16.86] 849| 350| s68| —19 4.40 
“ | 2 & 1/1338! 260] —16 8.60 
nea} “ “ | & 1/8423 1) 929) —19 5.13 
jog & 19/5 |) 1,064] 490] 1,275) —11 | 10.01 
{10.56 470} 1,801] - 4 | 12:13 
| oh, {1,005 | 380] 1,073) 8 7.47 
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DISCUSSION. 

PRESIDENT JOHN C. Wuitney. This paper of Mr. Newcomb, 
which represents an extraordinary amount.of thought and labor, 
is now open to discussion. 

Mr. Newcomb, I should like to inquire what period of time 
was necessary in order to bring about these results which you have 
tabulated. 

Mr. Newcoms. You mean, what period the tests covered? 

THE PRESIDENT. Yes. 

Mr. Newcoms. Something like a year and a half, although 
they were not carried on continuously during that time. 

THE PresipENtT. Mr. Stacy, we should like to hear from you 
on the subject of fire hydrants, in reference to this paper especially. 

Mr. GeorGE A. Stacy.* Mr. President, I don’t know as I am 
prepared. I ought to be; we have had the paper long enough. ~ 

THE PRESIDENT. You don’t need to be. 

Mr. Stacy. It brings out one point, I think, that.in the num- 
ber of years we have been constructing hydrants there hasn’t 
been much of an effort made to reduce the friction in the hydrant 
by giving it easier water ways, except in two or three instances. 

There are various points about hydrants that are not touched 
on, as this paper pertains largely to the important question of 
friction losses. 

I think that this paper brings out the fact that hydrants are 
made with a large factor of safety. I know of a place where they 
have used an abnormally long hydrant wrench and a 3-foot piece 
of pipe. I asked the boys what they were doing with it, and they 
said, ‘‘ We open our hydrants with that.”” They said, “ Two fel- 
lows get hold of that, and if they can’t open it, three of us get 
hold of it.” [Laughter.] This was a number of years ago. At 
the present time they do not have that trouble. I make that 
statement just as they made it to me, and perhaps they made it 
a little strong. I know they had considerable trouble in opening 
hydrants, and they used considerable power; but I do not think 
the trouble was altogether with the hydrant construction. 

Of course we have often seen a fireman try to open a hydrant 


* Superintendent of Water Works, Marlboro, Mass. 
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the wrong way, and I don’t think that is anything remarkable. 
A man in the volunteer fire department jumps out of bed and 
rushes to a fire, and he forgets which way the hydrant opens, — 
in the excitement of the moment he doesn’t stop to think. But 
it shows that it generally takes more than one man to break the 
hydrants that are made to-day. 

Another thing is the mechanical construction of the hydrants. 
I think there is a wide range of workmanship in the different 
hydrants. My experience is that there is lots of work done in the 
foundry that ought to be done in the machine shop on a good 
many hydrants. I have found, in my experience, hydrants where 
the fits, as I call them, were made in the foundry with cores that 
should be made in the machine shop with proper tools. 

Speaking of the drip, it seems to me that we haven’t made a 
great deal of progress and improvement. If we could have a drip 
that we could control from the surface, and actually know that it 
was working, and be able to close it permanently if we aesired to, 
it would be an improvement in many localities. 

And in regard to the frost case of hydrants: It seems to be 
considered by some that the function of the frost case is to pro- 
tect the hydrant from frost. I never had that idea. The frost 
case is, as I understand it, for the purpose of keeping the frost from 
heaving the hydrant posts. We have hydrants made by some of 
our manufacturers where the frost case has no movement up or 
down; you can only revolve it around. I have got a few of 
them, and under these conditions the frost case is useless and 
iron thrown away. 

This paper has brought out the necessity of better construc- 
tion in the water ways of hydrants in order to get the maximum 
efficiency. It has also demonstrated that the hydrants that are 
in the market stand up to the rough usage that they sometimes 
get remarkably well. 

We often hear of a non-treezing hydrant, because the drip ison . 
a level or below the inlet pipe; this is not true under many con- 
ditions. I have perhaps six where the drip is a menace to the 
hydrant; they have to be plugged to keep the ground water out. 
I have one hydrant that is set under a bank on the sidewalk in the 
city, and in the spring, before the frost is out of the ground, in 
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March or the last of February, and sometimes during the winter, 
if the drip is open, the water will flow out of the nozzle from the 
water in the ground. Perhaps some of you have had that ex- 
perience. Under these conditions, a drip that could be plugged 
without digging up the hydrant would be useful. I will say 
’ that the situation is where a bank 8 or 9 feet high is back of the 
hydrant, where the street has been cut down. 

I think we should be more particular as to the mechanical 
construction, that is, the machine work that is put into the hy- 
drant; I believe it pays. I have some hydrants that I think 
are as finely made as is required in that kind of work; they have 
been in the ground twenty-four years and a large per cent. of 
them have never cost a cent for repairs, and I have others that 
are not so well constructed, though just as strong, that have 
caused more or less trouble and expense. 

I confess that I am not able to go into this thing very closely ; 
there are others here who perhaps have studied this more than I 
have. It is a very interesting and instructive paper. I think 
that hydrant is something that can be improved, and it is up 
to us to pick out the points and tell what we want. 

In regard to the nozzles, it.has been the custom for a large 
majority of manufacturers, to lead them in. I have hydrants 
that have never given me any trouble that are so constructed, and 
I have some that have caused considerable trouble and expense. I 
would not buy a hydrant of any kind to-day if the nozzle was not 
screwed into ‘the barrel, unless forced to do so. Some object to 
that, saying that it may get loose. I think that could be pre- 
vented. I would require that every nozzle should be screwed in 
and so fastened that I could take it out, to replace or repair it, the 
same as any bolt or screw, and with as little trouble. I think 
we are all under great obligation to the City of Holyoke Water 
Board, who promoted, and to the men who assisted in making, 
these tests. 

Tue PrestpENT. We should like to hear from Mr. McInnes. 

Mr. Frank A. McInNEs.* I don’t know, Mr. President, that I 
have much to say that is valuable. I feel very sure, however, 
that discussion on the fire hydrant is time well spent, as its full 


* Assistant City Engineer, Boston, Mass. 
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share of blame has not always been given to the hydrant when 
needed pressure was not forthcoming. Unfortunately a hydrant 
of poor design fails when it is most needed; with a small flow 
and under ordinary conditions the loss, through its inefficiency, 
is perhaps unnoticed, but when the big fire comes along and a 
large flow is demanded, the test and the failure come; then valu- 
able pressure in the main is simply wasted, thrown away in the 
hydrant; particularly is this true in the case of hydrants with 
steamer connections fitted with independent valves. One who 
has actually tested the friction loss in independent valves will 
quickly realize that an undue loss, an altogether inexcusable loss, 
may easily occur. 

In Boston the conditions are somewhat severe. Two engines 
pumping 1 100 gallons per minute each, and nine pumping 750 
gallons each, respond, with other smaller engines, to alarms 
down-town; ‘these demands call for a hydrant capable of deliver- 
ing about 2 500 gallons per minute without excessive loss, with 
1 100 gallons per minute through at least one outlet, and that 
must be an independent valve outlet. (I think steamer outlets, 
particularly in city practice, should always be fitted with inde- 
pendent valves.) 

To meet these conditions we started at the main, making the 
pipe leading to the hydrant 8 inches in diameter; we then con- 
sidered the hydrant pot and made a new design for it to ease the 
flow as much as possible; then came the hydrant barrel, which 
was made practically 8 inches, with an ample water way at the 
bottom around the main valve; at this point our troubles began, 
because of the independent outlet through which we had to take 
1 100 gallons per minute, without undue loss of head. Four dif- 
ferent valves were designed and carefully tested with Bourdon 
gages, using the nozzle as a meter; that adopted isasimple gate 
valve inside the hydrant, working up and down in front of the 
outlet. .The guides for the valve are cast in the shell-of the 
hydrant itself, and when the valve is open there is absolutely 
nothing in the water way; it is entirely free. 

Throughout the whole hydrant design we have tried to con- 
sider every little detail, avoiding sharp corners, projections, etc., 
wherever possible. For results, we get a total loss in the 44-inch 
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valve on steamer outlet of 5 pounds, with 1100 gallons per 
minute flowing; of this amount about 2 pounds represents the 
actual friction loss, the remainder, of course, being the head 
required to give the velocity. In the hydrant barrel and pot, 
with a flow of 2500 gallons per minute, the loss was about 34 
pounds. We have concluded to be satisfied with these results, 
for the present at least, and consider,that we have a hydrant in 
which the losses, under ordinary conditions, are almost negligible. 
In view of the fact that the demands of an adequate fire service 
require a much larger expenditure for main pipe than would be 
necessary for domestic service only, it is well worth while to be 
sure that the hydrant lead is large enough and that the hydrant 
itself is efficient. 

THE Presipent. We should like to hear from Mr. Brooks. 

Mr. Epwin C. Brooxs.* I agree very thoroughly with what 
Mr. McInnes has said in this respect; that I think hydrants have 
been made, not with the care that they should have been made, not 
with the idea thoroughly in mind that the object was to get the 
water from the main to the nozzle of the hydrant with the least 
possible loss. And I think that it has been largely a matter of 
cost. We all know that when you get your figures for hydrants, 
as a general proposition the low figure wins; and that has been 
too much in evidence, not only with hydrants, but with other 
water-works appliances. 

I wish that this Association might set the pace for not only a 
better hydrant in the way of construction, but a hydrant that 
was made with a thorough conception of all the abuse that it is 
liable or possible to get while in use. 

Now we have in our city every department, I think, with the 
exception of the cemetery department, or the almshouse, using 
hydrants ad lib.: The sewer department is using hydrants for 
flushing sewers and for all kinds of construction work; the street 
department is using hydrants for filling roller tanks and many 
other uses; and the park department use hydrants for filling 
their barrels for the moth and bug mixtures; and so it goes. . As 
a result we find it very hard to fix the responsibility for broken 
hydrants. Notwithstanding that we find a hydrant with a screw 
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whose office it is to raise the valve bent in the form of an “S,”’ 
the man who used it last swears that they tried to open it the 
right way. [Laughter.] When you are up against anything of 
that kind, the only solution of it is to make the screw and the 
rod so strong that they can’t bend them. I think it was one of 
the early Boston superintendents, Mr. Jones, who said that the 
measure of the strength ofa 6-inch gate spindle was not what 
was required to operate the gate, but what was required to stand 
the strength of two good burly men on the end of a long gate 
wrench. 

Now, when it comes to that, gentlemen, your factors of safety 
have got to be modified considerably. I was interested in hear- 
ing Mr. Newcomb read of a hydrant bottom being pushed out. 
We recently had a case of that kind, yet the men swore that they 
were closing the hydrant in place of opening it; that the valve 
wasn’t down; it was hardly clear how the bottom could come out, 
but nevertheless it did. 

An amusing incident occurred in a damage suit for throwing 
water down a man’s chimney from a broken hydrant and damag- 
ing the ceilings and carpets in his rooms and so forth. That 
occurred with one hydrant which you probably know very well, 
which has a composition bushing at the top of the hydrant in which 
the hexagonal rod fits, and the flange on this bushing keeps the 
bushing from coming out, being put in from below. That flange 
broke off, the rod went up through the top of the hydrant, and a 
14-inch stream went up into the air; the wind blew it over into this 
man’s chimney, it went down his chimney, out of his fireplace, and 
ruined his ceilings and his carpets. Now the moral from that is, 
not to have fireplaces, I suppose. [Laughter.] 

But seriously, I think that if all the combined talent was put 
at designing homely, ungainly things, they couldn’t surpass 
the array of hydrants we have got at the present day. Boston 
has got an art commission that passes on every drinking foun- 
tain and lamp-post and so forth, but something is put in for a 
hydrant that is about as ungainly as anybody can conceive of. 

Mr. McInngEs. The old saying is, ‘‘ Handsome is as handsome 
does.” 
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THE PRESIDENT. From Mr. Brooks’s remarks it would seem as 
though there were room for one more commission in Boston. 

We should like to hear from Mr. Sullivan on this matter of fire 
hydrants. 

Mr. F. Sutiivan.* Mr. President, I doubt whether 
I can add anything of interest to what has been already said. I 
have listened with attention and profit to the scientific paper 
read by the gentleman from Holyoke. 

Up in Nashua, where I come from, some citizens believed they 
knew considerable about hydrants. I refer to a few worthy 
people who don’t take into consideration the location and eleva- 
tion of the hydrants, size of mains and connections, or the normal 
pressure for the particular locality; who believe that ordinarily a 
fire hydrant makes an unsightly hitching-post, and would rather 
see it placed in front of their neighbor’s premises; yet under the 
stress and excitement of a fire, without reckoning into account 
the local conditions or the length of hose, they are ready to criti- 
cise if the nozzle fails to deliver enough water instantaneously 
to extinguish a conflagration. 

We have made a practical test of hydrants; compiled tables 
showing location, make, diameter of barrel, direction of opening, 
whether they were 2-, 3-, or 4-way hydrants, with or without 
steamer outlet; also obtained the static pressure with the normal 
city draft, the indicated pressure with stream or streams flowing, 
the difference or loss due to the different flows. From this com- 
pilation we were able, with the aid of “ Fire Stream Tables,” to 
obtain the discharge per minute, and thus find the actual value 
of our hydrants as fire-fighting machines, and enabling us also to 
compare the efficiency of hydrants in different localities. 

We also inspected the hydrants for durability, readiness for use, 
ease of operation, etc.; also whether they wasted freely, whether 
the packing needed renewing, whether the spindles were bent or 
defective, or any other defect impaired their usefulness. The 
result of such examination showed about 3 per cent. of the 
spindles needed replacing, about 8 per cent. needed repacking, 
2 per cent. of the wastes needed attention, two hydrants needed 
replacing, several outlet caps were rusted or frozen on, so that 
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i it required considerable time and hammering to loosen and re- 
move them. 
r In addition we also noted the horizontal distance in feet reached 
i? by a hose stream, the flow being through 50 feet of best 24-inch 
f rubber-lined hose and an underwriter’s 14-inch nozzle or play 
ii pipe; this gave us some idea also of the efficiency of our hydrants. 
' The number of hydrants found inefficient, or I might say, 
- dummy hydrants, — or, in other words, that were not capable of 
é delivering at least one good fire stream, —was very small; I 
Ht should say less than 1 per cent. 
ii This year we have remodeled the distribution system to some 
i extent; that is, increased the pipe diameters in a number of streets. 
ff The hydrant data having been obtained before changes were 
_ made, we again tested the hydrants in the vicinity of the improve- 
4 ments, which enabled us to determine how much we improved 
i : the fire service in any section. 
i The form of tabulation used in our inspection is as follows: 
iq Pennicuuck Water Works, Nasuuva, N. H. 
HYDRANTS. 
Date. 
Street. 
q Location. 
Make. 
Size standpipe. 
Opens. 
No. of nozzles. 
2-Way. 
3-Way. 
4-Way. 
Steamer. 
4 Discharge 14-inch nozzle attached to 50 feet 24-inch hose (gage attached 
to hydrant). 
Pressures. 
Static. 
Stream flowing. 
Difference. 


Gallons per minute. 

Horizontal stream (feet). No allowance for wind. 

Discharge through one open hydrant butt (gage attached to hydrant). 
Pressures. 


Static. 
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Stream flowing. 
Difference. 
Gallons per minute. 
Discharge through open steamer butt (gage attached to hydrant). 
Pressures. 
Static. 
Stream flowing. 
Difference. 
Gallons per minute. 
Waste. 
Packing. | 
Remarks. 


As a record I believe that it is well to test and inspect hydrants 
periodically and find out their condition and value for the purposes 
for which they were installed. 

We intend later to get the relative discharging capacities and 
the resultant loss of head of present-day commercial hydrants 
and their comparative costs. : 

The hydrant that is in most common use in our city is found 
suitable. 

Our contract with the city of Nashua requires that all new hy- 
drants shall be “ Standard Six-Inch Hydrants.”’ There seems to 
be a difference of opinion between water-works people, insurance 
underwriters, and fire departments as to what is a 6-inch hydrant. 
I should like to know whether a 6-inch hydrant means a 6-inch 
valve opening hydrant or a hydrant with a 6-inch barrel. 

Mr. Stacy. Mr. President, it strikes me that this discussion 
has opened up another thought here. This Association has had 
various committees on different subjects to formulate standard 
rules for constructing different appliances for water works, and 
the importance of fire hydrants in water works seems to be so 
prominent that a committee might well be appointed on that 
subject, and if they put as much work into it as was put into the 
matter of standard specifications for cast-iron pipe by a committee, 
I think we would meet with some results. 

The question has been asked, What is a 6-inch hydrant? We 
buy them. You may get a 6-inch post, you may get a 4-inch gate; 
you talk with somebody about it, and they say, “‘ That 4inch 
or 5-inch gate will give you as much water as a 6-inch post.”’ 


— 
. 
| 
3 
> 
| 
q 


450 EXPERIMENTS ON VARIOUS TYPES OF FIRE HYDRANTS. 


I hardly believe that myself; but a test might prove them 
right. I believe that an 8-inch pipe and an 8-inch gate and an 
8-inch post will give me more water than a 5-inch gate and a 6- 
inch post and an 8-inch supply. I believe that where you want 
lots of water an 8-inch pipe is not any too much, and I want 
the gate pretty nearly the same size, too. However, that might 
be modified, perhaps, on investigation. 

It seems to me that this is a function that this Association should 
take up; and I think we might evolve from that a Standard Hy- 
drant of the New England Water Works Association that would 
be recognized as something better than what is put on the market 
to-day. 

Now, if we have a standard hydrant,—as an underwriters’ fire 
pump is standard,—then you would all be figuring on the same 
basis and the same construction, and we would know better where 
we stand when we come to buy hydrants, as to opening, quality 
of workmanship and capacity, gates, and everything else. 

Mr. JoHn H. Fiynn.* I would like to ask if a hydrant with a 
6-inch valve opened with pressure with a 7-inch barrel would be a 
6-inch hydrant? 

THE PrREsIDENT. My impression is that that is something that 


’ remains to be settled. [Laughter.] It depends, I think, on the 


manufacturer. It sometimes depends on the man who is ordering 
the hydrant. I think that is something that would be covered by 
such a committee as Mr. Stacy suggests. 

It seems to me that Mr. Stacy’s ideas on that subject are most 
excellent. 

Mr. Sracy. I think a committee of five is large enough, and I 
should say it ought to be about that size. I haven’t given that a 
great deal of thought, but, to bring it up before you, gentlemen, 
I move that a committee of five be appointed by the president 
to take up the subject of hydrant construction. 

Mr. Frynn. Mr. President, I second that motion. 

THE PRESIDENT. It is moved and seconded that the president 
appoint a committee of five to consider and report on hydrant 
construction. 

[The motion was put by the president, and declared to be a vote.] 

* Assistant Superintendent, Boston Water Works. 
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Mr. Tuomas. Mr. President, would it be a good idea to hear 
from some of the hydrant manufacturers? We have had one 
side of the case. I think Mr. Bates is here from the Rensselaer 
Manufacturing Company, Mr. Gould from the Ludlow Valve 
Manufacturing Company, and Mr. Hughes of the Chapman Valve 
Manufacturing Company. Wouldn’t it be a good idea to hear 
from them on the hydrant matter? 

THE PresipENT. The Association will be pleased to hear from 
any of those gentlemen. I think Mr. Bates comes nearest to 
heading the alphabet. 

Mr. F. 8. Bates. Mr. President and gentlemen, the reading 
of this paper on fire hydrants brought up a most interesting sub- 
ject, and the remarks made here to-day on the construction of fire 
hydrants are very interesting, not only to the active members of 
the New England Water Works Association, but also to the asso- 
ciate members who are aetively engaged in the manufacture 
and sale of these fire hydrants to the various water departments. 

I have found in my twenty-three years of experience, both 
from the manufacturing and the sales point of view, that all mate- 
rial consisting of either valves or fire hydrants should be purchased 
direct by the various water departments and not through con- 
tractors who are building the work, as they have a tendency 
to force the material or supply representatives to an extremely 
low figure before they will place their orders, and as a result the 
cities will suffer in the end by the cheapest and poorest material 
being introduced. The contractor looks at it from his point of 
view that the water board will stand behind him and will adopt 
whatever material he sees fit to purchase. As the specifications do 
not specify the design or the character of the hydrant, therefore 
the contractor accepts the lowest proposal possible to obtain on 
valves and hydrants and inserts these into his proposal, the 
result of which, in submitting his bid to the city, and using the 
lowest possible prices to obtain on material, would naturally make 
his total bid the cheapest but not the most beneficial to the city. 

Therefore, if the water board does not take into careful con- 
sideration the durability of the material in the contractor’s pro- 
posal, but simply awards the contract as a whole on account of 
its being the lowest proposal presented, and allows the contractor 
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to purchase his own valves and hydrants, the various city water 
departments are handicapped under such conditions and are, in a 
great many cases, forced to accept material which is detrimental 


_to their department, while if they were purchasing direct they 


would go farther and investigate carefully the construction and 
details as well as the design of the valves and hydrants. 

As Mr. Stacy said, there should be more and more careful work 
done in the machine shop; but what can a manufacturer do when 
he is forced to the lowest price limit and has the above questions 
to consider? I have also found from personal observation that 
frequently the workmanship and durability of either valves or 
hydrants has not been taken into consideration at all, but it is 
simply a question of price, which is a mistake. It is always for 
the best interest of water departments, and the communities 
which they represent, that they should recommend for adoption 
in their systems valves and hydrants that stand the highest in 
workmanship and durability. I also find that the majority of 
superintendents and engineers of private corporations give much 
more consideration to the details of construction of their various 
appliances before they are adopted than officials of our various 
cities usually do to the merits or demerits of the same. The 
corporation’s point of view is, that they want an appliance that 
will stand, so that the repairs and cost of maintenance will be a 
nominal sum at the end of the fiscal year, but in many cities 
this important factor is not considered at all. It is a question of 


first cost only. ‘‘ How much can they buy this or that article 


for?’ and in nine out of ten cases the price of a good article seems 
too high, and the lowest price, and consequently the cheapest and 
poorest valve and hydrant, are taken, although, I assure you, that 
the prices submitted to-day by the reputable concerns making 
valves and hydrants are exceptionally low ones, considering the 
price of raw material and labor. 

In regard to screwing the 24-inch nozzle into the standpipe: it 
is an excellent idea and should be adopted by all water works. 
In well-regulated shops there is no difference in the cost of con- 
struction between a nozzle that is leaded in and one that is screwed 
in, but the one that is screwed in will render the best service and 
be more easily replaced in case of accident. Consider the con- 
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struction of the nozzles in the fire hydrants in use at Coney Island, 
where the nozzles are leaded in and were melted out by the heat 
of the fire. I had the honor of receiving this order, and before 
proceeding with the construction of hydrants we recommended 
to the department that they should be screwed in, but it was con- 
sidered it might be a detriment to the hydrant to have them 
screwed in. I showed them the method of screwing nozzles into 
hydrants, and that by putting a thread in the standpipe reverse 
to that on the hose end of the nozzles it would keep such nozzle 
in place; and by putting a set screw on the outside of the nozzle 
through the cast-iron part it would also prevent this nozzle from 
unscrewing out of the hydrant during the taking off or putting on 
of the hose connection. Unfortunately, we find also that in a 
large number of the cities and towns of New England the hy- 
drants are furnished with the nozzles leaded in, but if superinten- 
dents and engineers, on issuing their orders, would specify or 
request that their hydrant nozzles be screwed in we would only 
be too glad to furnish the same. 

In relation to the standardization of hose roe and operating 
nut, we have recommended and furnished the same to new water 
works plants and have also recommended same to those who 
seemed desirous of adopting some other city standard. A large 
number of cities are recommending this change, so that in due 
course of time a large percentage of our water departments will 
have this new style of thread and operating nut, for which, of 
course, this water works association deserves some of the credit. 

I do not know as I could add anything more to this important 
subject, but the points that I have demonstrated to you I consider 
are valuable ones and should be taken into careful consideration 
by the various superintendents here. I speak only as one of the 
associate members, as we are all here for the purpose of trying to 
bring before the active members the latest improved water- 
works devices and those that are best designed and constructed 
and suited for their water-works systems. 

It is a great and difficult study for us to please all, but we are 
always willing to take advice and suggestions that are given. 
After we have ferreted out and proved suggestions given us by 
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you gentlemen, and find they will. be of benefit to our hydrants 
and valves, we are willing to accept and manufacture the same. 

I thank you, gentlemen, for your attention, and also for the 
invitation extended to me to make a few remarks on this subject. 

THE PREesIDENT. We would like to hear from Mr. Hughes, of 
the Chapman Valve Manufacturing Company. 

Mr. Huaues. I don’t know that I can add anything to what 
Mr. Bates has said, Mr. President. If this matter was taken up 
and thoroughly thrashed out, I think you would get a better 
distribution of metal in a great many cases, a different kind of 
metal, more suitable for the purposes than is used sometimes. 

As regards Mr. Bates’s remarks on screwed nozzles, I think that 
can be thrashed out in debate; I don’t quite agree with him; I 
can see some trouble in water departments through having screwed 
nozzles. 

THE PresIpENT. We should like to hear from Mr. Gould. I 
don’t get my eye on him, but I think he is here somewhere. 

[Mr. Gould was not present at this time.] 

Tue Presipent. My impression is that a committee of this 
Association — possibly two years ago —recommended that the 
hydrant have cast upon its top an arrow showing the direction 
in which it should be opened. As we have some hydrant men 
here I should like to inquire if that recommendation has ever 
been carried out by the hydrant builders. 

Mr. Hucues. I saw you looking this way, Mr. President, and 
I will say that the hydrants that I am familiar with have the 
arrow. 

Mr. Fiynn. I don’t know that it would make much difference 
whether there was an arrow or not. [Laughter.] 

Mr. F. L. Futter.* Mr. President, there is one matter I think 
might be brought up in connection with this paper, and that is 
the care of hydrants. I think in many towns and cities hydrants 
are very much neglected. I had occasion during the past summer 
to examine about one hundred and twenty hydrants in a certain 
town, and I was surprised to find in what poor condition they were. 
They were of various manufactures and apparently very little atten- 
tion had been given to them fora longtime. In many of them the 
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packing had largely disappeared, and almost all of them had been 
screwed down to such a degree that they could not be started 
with an ordinary wrench. I found that those who had pre- 
viously used them (for the most part men employed in flushing 
sewers) had opened and closed them with a very long wrench. 
Wrenches more than three feet long were sometimes used. 

It seems to me that a hydrant, of all things, is an instrument 
or appliance which ought to be kept in the very best order. Yet 
I venture to say that in a great many towns the hydrants are, to a 
considerable extent, in poor working condition. They open hard; 
there are no washers, perhaps, in the nozzle caps, so that if only 
one line of hose is attached there is a large stream of water flowing 
from the other nozzle. I found this to be the case especially 
where there were steamer nozzles; there was generally no 
washer, no packing in these nozzle caps, and a large stream of 
water escaped from the hydrant because the cap did not make a 
tight joint with the hydrant. 

A hydrant ought to open and close easily; it ought to be closed 
only sufficiently to open the drip and properly close the inlet 
valve, and it ought to be so oiled or greased that it will turn easily. 
A great many of the hydrants referred to squeaked while being 
opened or shut, which seemed to indicate that nothing had been 
done in the way of lubrication for a long time. Oftentimes a 
stream of water came out between the hydrant and the hydrant 
head. To say nothing of the water thus wasted, which should 
be used for extinguishing the fire, it is, to say the least, unpleasant 
for firemen to be obliged to stand by and manipulate a hydrant, 
from which the water is spurting in all directions. In cold, freez- 
ing weather this duty becomes doubly disagreeable. It is inex- 
cusable that hydrants should be found in such a condition. I 
believe the water department of a town or city should have 
entire charge of all hydrants at all times, except in case of fire or 
during fire drills or practice, and the water department should be 
held responsible for their condition. 

Watering carts should be filled from standpipes properly 
located, and not from hydrants. 

In flushing sewers with hose from a hydrant, a large and gener- 
ally unknown quantity of water is used. The sudden draft of 
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water is liable, in some systems, to cause consumers annoyance 
by furnishing them with roily water, although it may be argued 
that in such a case the blowing off of the hydrants is an advan- 
tage, as it tends to keep the pipes clean. ‘When the supply is of 
good quality, it is seldom necessary to blow off the hydrants, 
except, perhaps, at dead ends, where the consumption may be 
small. 

A method of flushing sewers-which obviates the necessity of 
using hydrants, and is generally satisfactory, is to provide the 
manholes at summits with a simple iron flushing gate or plug by 
which the outlet can be temporarily closed. Water is admitted 
to the manhole by means of a faucet or valve in the manhole 
attached to a service pipe from the nearest main. When the 
water has reached a suitable height in the manhole, the outlet 
is suddenly opened by raising the gate or withdrawing the plug 
by means of a chain attached thereto. This allows the outflow 
of a considerable quantity of water, causing a thorough flush. 
This water can, of course, be metered, if desired, as it enters 
the manhole. 

The proper care of hydrants is certainly an important matter. 

Mr. Joun C. Cuase.* Mr. President, I would like to follow up 
the line of thought suggested by Mr. Fuller. The fire hydrant is a 
fixture that has a specific function in a water works plant. It is 
ordinarily used infrequently, but when its service is wanted at fires 
there is nothing that will take its place. Now I maintain that it 
should be kept religiously for the purpose for which it was de- 
signed; that is, as a part of the fire-fighting apparatus, and its 
non-use for every other purpose should be firmly insisted upon 
except under the supervision of the water department. I have 
always made that a point in the management of the works with 
which I have been connected, and with giving them a regular and 
proper amount of attention to see that they are in good working 
order, and watching out to see that they are not maliciously inter- 
fered with, they have always been ready to respond when called 
upon. 
Another thought that has been suggested by Mr. Bates is in 
relation to the cheapening of hydrant and valve construction. I 


* Civil Engineer, Derry, N. H. 
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do not think the manufacturers are so much to blame for any 
inferior quality of their product as the purchasers, who are calling 
for the lowest possible price for the article they want. Now a 
little illustration of contractor’s methods, or, perhaps I should 
say, the method of one that came under my own observation: 
Some thirty-five years ago a New Hampshire city built a system of 
water works, and the whole pipe system with hydrants and valves 
was let, in one contract, to a prominent New England contractor. 
It was specified that he should furnish certain well-known hy- 
drants and valves made by a reliable manufacturing company, 
which were to be first-class in every particular. When the works 
were about half completed water was furnished for a limited use 
and the hydrants were put into service. It was noticed that 
there was a slack motion in the valve rod of some of them and 
when a hydrant was being used on the lower level, where the 
pressure was some 85 pounds to the square inch, the valve seated 
itself suddenly when it was nearly closed and the resulting water 
hammer caused the hydrant and supply pipe to part company, 
with a disastrous effect upon the street in the immediate vicinity. 

The maker of the hydrants was notified to appear and make 
good the defects. The mechanic who was sent up incidentally 
remarked that we ‘“ could not expect anything better from second- 
class work.” ‘ Second-class work! why, we called for the best.’ 
“« Well, I do not know what you called for, but this is not our best 
work; you do not find our name upon it, do you?” And I had 
to admit that he was right. Work had been sent out that the 
makers did not care to have their name upon, but they made the 
deficiencies good, however. When the works were tested upon 
completion, some two years later, with a large number of fire 
streams playing, one of the hydrants suddenly stopped work and 
the water began to boil up on the outside. It turned out that in 
opening it an excessive strain had been put on the valve rod, 
which struck the post at the bottom and broke a hole through the 
shell. Later inspection showed that several unused hydrants 
were lacking in proper thickness at the base. Here was a case 
where a concern with a reputation for first-class work had, in 
order to meet competition and the demands of the contractor, 
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sent out what was not up to the required standard, with a con- 
sequent loss of money and reputation. 

Mr. THomas. Mr. President, isn’t it a fact that there are not 
hydrants enough used in cities, and that they are not distributed 
numerously enough around, especially in the central parts of the 
city? 

I think I can safely say, without even speaking in the inter- 
ests of the hydrant manufacturers, that there are too few 
hydrants used; they ought to be nearer together; then if one of 
them is out of order, you have another close by that you can use. 
Where the hydrants are placed 1 000 feet apart there ought to be 
three instead of one; then if one was out of order, you would have 
two more to fall back upon. I don’t believe in a few big hydrants 
so much as I do in a number of smaller hydrants. Have them 
- closer together; do away with the friction of long lines of hose. 

I believe that the hydrant manufacturers, if they are given time 
and sufficient notice, will furnish all the hydrants required, and 
furnish them just as the water-works people want them. The 
trouble is not with the hydrant manufacturers altogether. All 
the superintendents have got to.do is to take their JouRNAL and 
look at the advertising pages; they will find there the names of 
hydrant manufacturers who make hydrants first class in work- 
manship and of high-grade material. 

I should urge upon all the superintendents not to be sparing 
in putting in hydrants. But don’t put them in front of every 
man’s house that you have a grievance against. [Laughter.] 

Mr. Fiynn. I should like to say to Mr. Thomas that I don’t 
see any use of putting in too many hydrants. If a hydrant gets 
out of order I don’t know what good it is going to do to have one 
next door to it, because the engine can’t get away from it, but has 
got to stay right there until the water works people come along 
and unhitch it. [Laughter.] 

Mr. Tuomas. There isn’t any fireman that I ever knew of 
that would stand in front of a stream. 

Mr. Hueo McLean.* Something has been said about the care 
of hydrants. I would like to cite you a case where I know hydrants 
are taken care of, and that is the city of Holyoke. I believe a 


* Chairman Water Board, Holyoke, Mass. 
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city of 20 000, 30 000, 50 000, or 100 000 population or over ought 
to have a hydrant man in its water department, a man who 
responds to all fire alarms, and after the fire is over sees that the 
hydrants are closed down tight as they ought to be, and goes 
round and examines them and sees that they are all right and 
properly drained off; a man whose duty it would be to go around 
to the hydrants twice a year and flush them off, and see that they 
are thoroughly in order. 

We have such a man in our city, and that is his duty — taking 
care of hydrants. We have a fire alarm gong in his bedroom and 
he responds to all fire alarms and takes his hydrant kit along 
with him; if there is anything wrong about the hydrant he tele- 
phones down to the shop immediately and a couple of men come 
right along. No hydrant is opened without his permission; 
that is, unless for fire purposes. Through the day, if they 
are needed for sewer flushing or any other purposes, they must 
be opened by him and closed by him; so that, if anything is 
wrong about the hydrant, should it freeze up or be out of order, 
then the department is responsible through him. 

I believe that there is no better system of taking care of hydrants 
than in having a man in every department whose duty it will be 
to respond to fire alarms and take care of the hydrants when the 
fire is over. 

Mr. Stacy. Mr. President, from the remarks of brother 
Thomas I know how he feels in his position, that we are criticis- 
ing the hydrant makers. I know he feels pretty tender on that 
point, and well he should, because I think that his success as our 
advertising agent has depended a good deal on his tender heart. 
- [Laughter.] Really, without any joking, I don’t take this to be 
a criticism of the manufacturers of hydrants, because I think 
they are giving us just what we are asking for, and as good a 
thing as they can for the price we are willing to pay. 

And I believe another thing: After you get a good hydrant 
or a good watch, in order to keep it good you have got to take care 
of it. Up in our little city of 15000 inhabitants nobody uses a 
hydrant without permission, except in case of fire. When the 
highway department or the sewer department want to use a 
hydrant I furnish a man to operate it. I have held to that. 
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Sometimes it has been uphill work and I have had to make my- 
self disliked in some quarters, but I have carried that point because 
I believed it was right. I would say that the relations between 
the highway and water department, with one or two exceptions, 
have always been pleasant. 

We have a man who is responsible for the care of hydrants and 
responds to fires. Unfortunately, I am the fellow. [Laughter] 
I have a gong in my house, and my wife wishes it was in some- 
body’s else house. [Laughter.] Some time we may be large 
enough to have a man whose only business will be to take care 
of the hydrants. 

The way I do with the street department is this: In the spring 
I give the man who runs the steam roller a nimbered hydrant 
wrench; and he reports what hydrants he uses and he returns 
the wrench in the fall. 

If any department desires the use of a hydrant, I try to accom- 
modate them in every possible way, but I insist on keeping the 
hydrants in my control as long as they hold me responsible for 
them. 

We shall have better hydrants when we demand them and 
when we are willing to pay for them, and when we get them they 
will be good hydrants just as long as we are willing to take care 
of them. 

THe PresipENt. Mr. Brooks, don’t you admire Mr. Stacy’s 
success in keeping other people away from the hydrant? 

Mr. Brooks. I wish he would come down our way. 

Mr. Stacy. Perhaps under other conditions that would be 
impossible. It isn’t one man’s smartness, it is the sentiment that 
happens to grow up and the class of men that surround you and 
have the power to back you up. I know places where it is impos- 
sible for the superintendent to do that, because there are other 
influences that come in and prevent him. 

As far as the number of-hydrants is concerned, I think that’s 
another good point. I believe in plenty of hydrants, and I have 
tried to practice what I preach in that matter. In all of our fac- 
tory places I can put on 12 to 16 streams, and the longest line of 
hose will not be over 300 feet. Working at a fire the lines would 


be somewhat longer. 
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So I say that the hydrant makers are all right, brother Thomas, 
and they make good hydrants, and will make better ones if we 
demand them. 

Mr. GEorGE CassELu.* This paper that has been read here 
this afternoon deals, as I understand it, largely with the friction 
loss in the different fire hydrants manufactured. Now it seems 
to me that that is a matter that is purely up to the manufactur- 
ers of hydrants, and with this table showing the results that it 
does, it seems to me that it ought to be an incentive to the repre- 
sentatives of the different manufacturers who are assembled here 
this afternoon to get a hustle on [laughter], because there is no 
doubt in my mind but what in the future I will make an attempt 
to secure the hydrant with the least friction loss. 

In relation to the condition of fire hydrants, I don’t think the 


trouble is confined wholly to the hydrant. I believe, as has been. 


stated here this afternoon, that it is due to the manipulation of 
the fire hydrants by people who co not understand the mechan- 
ism of them. In my city that is the only trouble I have, and I 
am sorry to say that I am unable to stop it, simply because, as 
my friend Stacy here has said, of the interference of others who 
are a little higher up. 

I had a case of that kind where I issued an order to the super- 
intendent of streets and city engineer that he should not man- 
ipulate any fire hydrants for any purpose without notifying the 
department,. and that the department would furnish men to 
manipulate them for him. Well, he didn’t seem to like that very 
well, so he went up to the mayor (not the present mayor, but a 
mayor three or four terms back; yes, six or seven, because the 
present mayor as is, has been mayor for the last five years), 
and the mayor said to him, ‘“ Don’t you pay any attention 
to that; you use the fire hydrants all you want to.” Well, 
that was all right enough, and didn’t bother me for a cent. I 
met the mayor on the street a few evenings afterwards, and it 
happened to be just before election for the executive of the city. 
He said to me, “ What.is all this row about the fire hydrants? ”’ 
I said, “‘ I didn’t know there was any row about the fire hydrants, 
I didn’t hear any.’”’ He said, ‘“‘ The city engineer has told me you 


* Superintendent of Water Works, Chelsea, Mass. 
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notified him not to use them any more.” I said, “ Yes, I did.” 
He said, ‘I told him to use them all he wants to.” I said, “ Very 
well, the responsibility for their condition is up to you now, not 
on the water department.” He said, “What do you mean by 
that?” I said, ‘‘ Come round the corner and I will show you.” 
It happened to be in the winter time and they had been laying 
vitrified brick and had been using the water from hydrants for 
making the concrete base, and [ had just come from an examina- 
tion of two hydrants which were frozen to the nozzle. I showed 
them to him and said, “That is what I mean.” He said, ‘‘ You 
find out who did that.” I said, “No, sir; you find out.” 
[Laughter.] I said, “I am going to have them put in condition, 
but if there is any finding out to do you will do it and I won’t.” 
He said I was trying to make all the trouble I could just before 
election. 

Now, gentlemen, the fire hydrants (with the exception of the 
friction loss that has been talked about here), so far as I have 
been able to learn in my experience of a great many years, are all 
right if let alone or manipulated by men who understand the 
mechanism of them. And until we can get those in authority 
to back us up in not allowing the use of those hydrants by people 
for street watering purposes, or any other purpose, then just so 
long will we have that trouble. 

Now, the mayor that I have just been telling you about was in. 
the insurance business, and still he told that man to use all the 
hydrants just as much as he wanted to! So you can see that the 
fault is not with the hydrant; it is not -with the superintendent 
or whatever official is in charge of them, but it is with those who 
interfere with the business of the superintendent. And there 
is no trouble that comes so quickly or is so great as the trouble 
that comes from somebody minding somebody’s else business. 

We are troubled in our city with the drips, as Mr. Stacy men- 
tioned, but we take all the precaution within our power to prevent 
our hydrants from being frozen in the winter time, and it requires 
some supervision. There are numerous cases where hydrants 
will freeze under certain conditions. For instance, our hydrants 
are set at 5-foot bottom. Now there are different kinds of soil, and 
we find that in severe winters like the past the frost will go down 
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in gravelly soil and we have got to examine and test those hydrants 
almost every twenty-four hours, especially where the railroad 
tracks cross above the pipes leading to them. 

In regard to the hydrants with the drips that are liable to fill 
up with surface water, we have that to contend with. And in 
such cases we plug the drip port and keep the hydrants pumped 
out, and make an examination in thoroughly cold weather almost 
every day, sometimes twice, of all hydrants. But it pays to do 
it. And we have never been caught yet, to my knowledge, with 
a frozen hydrant when it was needed. Perhaps it was because it 
wasn’t needed when it was frozen. [Laughter.] 

We don’t want to blame the hydrants, because nine times out of 
ten the hydrants are not to blame, and I believe that (with the 
possible exception of what has been brought forward in this 
paper on friction loss) there is almost no fault to be found; 
although there is always room for improvement, and the manu- 
facturer who gets on the ground first is going to be the winner. 
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STREAM FLOW DATA FROM A WATER-POWER 
STANDPOINT. 


BY CHARLES E. CHANDLER, CIVIL ENGINEER, NORWICH, CONN. 
[Read November 13, 1907.] 


Long-term data regarding stream flow are not abundant. 
Records of the Croton flow have been kept continuously longer 
than on any other stream, so far as the writer knows. I am not 
aware that the Croton thirty-eight-year record is anywhere in 
print in one table, as shown in Table No. 1. There is a gap in the 
data in the water supply and irrigation papers, which it was found 
somewhat difficult to fill. 

Stream-flow data arranged by months chronologically do not 
average fairly, and the next table has the same data with the 
months arranged in order of magnitude. This table (No. 2). is 
much more useful for water-power purposes than the first one. 

A still further improvement may be made, so far as the lower 
flows are concerned, by arranging all the months in the whole 
term in order of magnitude as in Table No. 3, instead of arrang- 
ing the months in each year in order of magnitude. 

Table No. 4 compares the results obtained by the three methods 
shown in preceding tables, and shows how much nearer to the 
truth is the last method. 

The arrangement of Table No. 3 is absolutely correct in its 
theory. Whenever the flow of a stream is greater than can be | 
used by the water wheels installed, a part of the flow is unavail- 
able. Water-wheel developments, as a rule, leave much water 
to run over the dams unused. Arranging all the months of the 
whole term in order of magnitude, instead of each year separately, 
eliminates all that part of all flows that must run over the dam 
instead of through the wheels at any given development. 

The information to be obtained, working on this principle, is 
given in greater detail, and in days as well as months, in Table 

No. 5. Column A gives all the monthly flows that occurred 
during the thirty-eight years in order of magnitude, and in 
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column B the number of months in which each flow occurred 
during the whole period. Column C masses these months and 
hence gives the number of months in which a given flow, and flows 
less than the given flow, occurred. Multiplying the massed months 
by 0.8 gives in column F the annual average massed days. (30.4 
days in the average month; record covers 38 years; 30.4+38=0.8.) 

By multiplying the given flows by the number of months in 
which they occurred (column D) and massing the products (column 
E) and dividing by the massed months, we have in column G the 
average flow of the massed months. Column H gives the average 
available flow at all developments in column A. 

The Croton flow was used for this illustration, not only because 
of the length of the period of observation, but because its water- 
shed is larger than that of other water supplies, regarding the 
flows of which long term records exist, making the data more use-. 
ful for power purposes. 

Of course, these or any other data that are computed monthly 
do not show the real extreme minimum flow, and at moderate 
developments considerable unavailable stream flow is included as 
available. 

The daily records of the Connecticut at Holyoke furnish very 
valuable stream flow data for power purposes. 

The idea of arranging in order of magnitude the different flows 
of the whole term covered by the data, instead of treating each 
year separately, occurred to the writer several years ago when 
reporting on several large waters powers for a power company. 

The Holyoke data kindly given him by Mr. A. F. Sickman were in 
form of second feet for the whole of the drainage area for each day 
of each year in order of magnitude. These have been reduced to 
second feet per square mile and arranged as shown in Table No. 6. 
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TABLE No. 3. 


Croton RIvEr. 
AREA 338.8 SQuARE MILEs. 


1 
g 


Flow in cubic feet per second per square mile arranged in order of mag- 


ASE 


nitude for whole term instead of each year separately. 
7 


| 


0.36) 0.46 0.78) 0.99] 1.18) 1.45) 1.76] 2.21) 2.73) 3.46) 5.01 


13.55] 17.78) 23.77) 29.81) 37.55) 44.85) 55.17; 66.93} 84.00) 103.56) 131.36; 190.47 
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TABLE No, 4. 


Croton River. Drarinace AREA 338.8 Square MILEs. 
Montaiy Data. 1868 To 1905 INCLUSIVE. 
Comparison of Available Flow Averaged by Three Different Methods. 
A. Average flow in second feet per square mile. 
B. Massed flow. 
C. Average flow of months equal to or less than development “ A.’”’ 
D. Average available flow for the year with development ‘“‘ A.” 


Monras. 
A B |c|D 
1jJuly... 72| .72| .51) .36) .36) .36 
2/Sept... 92} 1.64) .64; 1.15) .58) .63) .46) .41) .45 
3/June.....| 1.00} 2.64) .88} .97| .73) 1.88] 1.44) .48) .59 
4/Aug... 1.05} 3.69} .92)1.01} .85; 2.73] .68) .78) 2.22) .71 
5iOct...... 1.10} 4.79; 1.04) 1.01) 3.74) .75) .99) 3.21) .64| .85- 
6|Nov.....| 1.37} 6.16) 1.03} 1.20) 1.23) 4.97] 1.03) 1.18) 4.39) .73) .96 
7|May.....| 1.67) 7.83) 1.12) 1.35) 1.43) 6.40) .91/ 1.13) 1.45) 5.84) .83) 1.09 
8iDec. .... 1.83) 9.66) 1.21) 1.42) 1.79} 8.19} 1.02} 1.28) 1.76) 7.60) 1.22 
2.26} 11.92/ 1.32) 1.56; 2.14) 10.33) 1.15) 1.39] 2.21) 9.81) 1.09) 1.37 
10)Feb. ....| 2.72) 14.63) 1.46) 1.67) 2.70) 13.03] 1.30) 1.54) 2.73) 12.54) 1.25) 1.50 
11/April... .| 2.80) 17.43) 1.58} 1.69) 3.39) 16.42) 1.49) 1.65) 3.46) 16.00) 1.45) 1.62 
12)Mare . «| 3.59) 21.02) 1.75) 1.75} 4.60) 21.02) 1.75) 1.75) 5.01) 21.01) 1.75) 1.75 
TABLE No. 5. 


Croton River, New York. 


Turrty-Eicut YEARS, 1869 To 1905 INcLustveE. AREA 338.8 
SquaRE MILEs. 


Original Data Calculated Monthly. 


. Flow in cubic feet per second per square mile. 

Number of months this flow occurred in the whole term of years. 

Number of months this flow and all lower flows combined occurred. 

Product of each flow by the number of months it occurred (A X B). 

Sum of products for this flow and all lower flows. 

Average number of days per year this flow occurred in whole term of years (C X .8=F). 
Average flow of all days below and including this flow. 

Average flow for the whole year with development equal to this flow, 

(365 F) A + (F XG) 


q 
4 
ay 
A B D G H 
10 1 1 10 10 1 10 10 
16 1 2 16 26 2 13 16 i 
-26 1 3 -26 52 3 
27 2 5 04 1.06 + 21 27 
.28 1 6 28 1.34 5 22 
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A B Cc D E F G H 
.29 1 7 .29 1.63 6 .23 .29 
.30 1 8 .30 1.93 7 .24 30 
33 2 10 66 2.59 8 .26 33 
35 1 11 35 2.94 9 27 
36 2 13 .72 3.66 10 .28 36 
37 2 15 74 4.40 12 .29 37 
.38 4 19 1.52 5.92 15 31 38 
.39 8 27 3.12 9.04 22 33 .39 
41 11 38 4.51 13.55 30 35 .40 
42 3 41 1.26 14.81 33 . 
43 4 45 1.72 16.53 36 37 42 
44 4 49 1.76 18.29 39 37 
45 3 52 1.35 19.64 41 .38 44 
46 7 59 3.22 22.86 47 39 45 
47 3 62 1.41 24.27 49 39 46 
48 4 66 1.92 26.19 53 40 47 
49 2 68 98 27.17 54 40 48 
.50 2 70 1.00 28.17 56 
i 52 2 72 1.04 29.21 57 41 50 
a. 53 4 76 2.12 31.33 60 41 51 
a 54 3 79 1.62 32.95 63 42 52 
im 55 4 83 2.20 35.15 66 A2 53 
m. 56 2 85 1.12 36.27 68 54 
7. 57 1 86 57 36.84 69 43 55 
if 59 1 87 59 37.43 70 43 56 
2. 61 1 88 61 38.04 71 43 57 
a 62 2 90 1.24 39.28 72 44 58 
. 63 4 94 2.52 41.80 75 44 59 
it . 64 5 3.20 45.00 79 45 60 
; 65 2 101 1.30 46.30 81 46 61 
2 66 2 103 1.32 47.62 82 46 61 
.- 67 5 108 3.35 50.97 86 47 62 
rs 68 2 110 1.36 52.33 88 48 63 
et .69 3 113 2.07 54.40 90 48 64 
i .70 2 115 1.40 55.80 92 49 64 
.< 71 1 116 71 56.51 93 49 65 
@ 72 3 119 2.16 58.67 95 49 65 
1 120 73 59.40 96 50 66 
ff .74 6 126 4.44 63.84 100 51 68 
. .75 5 131 3.75 67.89 105 52 68 
a .76 1 132 76 68.35 106 52 69 
i 77 2 134 1.54 69.89 107 52 70 
la .78 3 137 2.34 72.23 110 53 70 
7. .79 1 138 79 73.02 110 53 72 
& .80 1 139 80 73.82 111 53 72 
i 81 1 140 81 74.63 112 53 72 
if 82 1 141 82 75.45 113 54 73 
g 83 1 142 83 76.38 114 54 74 
i .84 1 143 84 77.12 115 54 75 
2 i 85 3 146 2.55 79.67 117 55 75 
Ae: 86 2 148 1.72 81.39 118 55 76 
# 87 1 149 87 82.26 119 55 76 
: i 88 2 151 1.76 84.02 121 56 77 
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D F G H 
89 84.91 122 06 .78 
2.73 87.64 124 57 -79 
2.76 90.40 126 57 .80 
93 91.33 127 57 .80 
1.88 93.21 129 58 .82 
2.85 96.06 131 .59 
96 97.02 132 83 
97 97.99 133 -60 .83 
3.92 101.91 136 .60 .84 
1.98 103.89 138 .60 .84 
3.03 106.92 140 .60 85 
1.02 107.94 141 .60 .86 
6.18 114.12 145 .63 .87 
6.24 120.36 150 .64 .88 
2.10 122.46 152 .64 .88 
2.12 124.58 154 .89 
1.07 125.65 154 65 .89 
3.24 129.89 157 .66 .90 
1.09 129.98 158 .66 -90 
2.20 132.18 159 .66 91 
3.33 135.51 162 .67 91 
1.12 136.63 162 67 92 
1.13 137.76 163 68 93 
3.45 141.21 166 .68 94 
2.34 143.55 167 .69 95 
1.18 144.73 168 69 95 
1.19 145.92 169 69 -96 
2.42 148.34 170 70 .97 
4.92 153.26 174 70 .98 
1.24 154.50 174 70 .98 
3.75 158.25 177 72 .99 
1.26 159.51 177 72 1.00 
1.27 160.78 178 72 1.00 
1.29 162.07 179 72 1.01 
1.30 163.37 180 73 1.02 
2.62 165.99 181 73 1.02 
1.32 167.31 182 73 1.03 
3.99 177.30 185 74 1.03 
4.12 175.32 187 75 1.04 
1.35 176.67 188 75 1.04 
4.08. 180.75 190 7 1.05 
2.76 183.51 192 76 1.05 
1.39 184.90 193 77 1.06 
2.84 187.74 194 78 1.06 
1.44 189.18 195 78 1.07 
2.90 192.08 197 78 1.09 
2.92 195.00 198 79 1.10 
2.94 197.94 200 79 1.10 
5.96 203.90 203 80 1.11 
1.52 205.42 204 81 1.12 
4.59 210.01 206 81 1.12 
3.08 213.09 208 82 1.13 
1.55 215.64 209 82 1.13 


A c 

89 152 

91 155 A 
92 158 
.93 159 

94 161 

164 

.96 165 

166 

98 170 

175 4 

176 

182 

190 

192 
193 

196 
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199 
202 
203 | 
204 
207 
] 209 
1 210 
1 211 
1 213 
1 217 
1 218 
1 221 
222 
1 223 | 
1 224 7 
225 
1 228 
1 231 
1 234 
1 235 
1 238 a 
1 240 = 
1 241 
1 243 es 
244 
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1, 248 
1, 250 
1, 254 4 
1. 260 “a 
1. 261 
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254 
255 1 
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2 264 
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2 270 1 
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2.41 370.87 
4.88 375.75 
2.45 378.20 
2.47 380.67 
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Rafter in his valuable Water Supply and Irrigation Paper No. 80 
says: ‘“‘ What is wanted is a clear statement of the minimum 


‘together with the longest period such minimum may be expected 


to occupy.” 

This is useful only for a development equal to the minimum 
flow. It seems to the writer that what is wanted is “‘ The duration 
of every flow.” 

This is what Table No. 6 gives us for the Connecticut at Holyoke. 
The table is so arranged as to give the available flow at any develop- 
ment each year, as well as for the whole term of nineteen years. 
In no case is a small flow averaged with a larger flow. Days are 
averaged, not flows. 

In order to make the data of convenient application, the average 
duration of each flow for the whole term, for different develop- 
ments from 0.2 second feet per square mile to 1.7 second feet per 
square mile, has been calculated, and shown in Table No. 7. 

In column A has been placed each flow varying by .1 for twenty- 
four hours, and in column B the same flow concentrated in ten 


‘hours. Columns C and D give the same flows in terms of horse 


power per foot mile with 80 per cent. efficiency. Columns E and 
F give the average number of short and full days atthe develop- 
ments indicated by A and B. Columns G and H give the average 
flow of the short days. The difference between A and G and 
between B and H give the average auxiliary power needed at any 
development. Columns J and K give the power corresponding 
to the flow in G and H; columns L and M give the average flow, 
and N and O the average power available throughout the year at 
any given development A. 

The difference between N and O, as the case may be, and A is 
the average amount of auxiliary power needed at any develop- 
ment A. 

Perhaps the last column P is as useful as any, as it gives at any 
development the average percentage of that development that is 
available throughout the year on the Connecticut River, or similar 
stream. 

Table No. 8 for the purpose of comparison, shows the average 
number of full days and average available percentage of flow and 
power on several other streams. 
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TABLE No. 8. 
Fiow or STrEAMs. 
Connecticut River at Holyoke. Calculations made daily. 
Merrimac River at Lawrence. Calculations made weekly. 
Supsury River, near Boston. Calculations made monthly. 
Nasuua River at Clinton. Calculations made monthly. 
Croron River near New York. Calculations made monthly. 


Cubic} Connecricur. | Merrimac. NasHva. Croton. 
19 Years. 11 Years. 19 Years. 9 Years. 19 Years. 
1881 to 1899. 1890 to 1900. 1881 to 1899. 1897 to_1905. | 1881 to 1899. 
Bc. | 8 660 Sq. Miles.|4 553 Sq. Miles.| 75 Sq. Miles. | 119 Sq. Miles. |338.8 Sq. Miles. 


Full {Percent} Full |Percent) Full |Percent} Full |Percent) Full |Percent 
Days |ava’lble| Days |ava’lble| Days |ava’lble| Days |ava’lble| Days | ava’lble 
» | 312 100 312 |, 100 304 99 312 100 312 
2 311 100 312 100 275 96 309 100 312 100 
3 301 98 311 100 258 92 99 312 
4 260 97 299 234 89 289 98 100 
5 227 94 261 97 218 86 272 96 281 98 
6 201 90 230 94 208 83 243 270 96 
7 181 205 91 190 80 91 95. 
8 1 81 188 88 186 78 89 93 
9 146 78 1 75 1 87 215 90 
1.0 1 75 170 73 185 84 195 87 
1.1 121 72 162 71 173 81 177 85 
1.2 110 68 158 70 170 79 169 83 
1.3 102 66 152 69 162 77 1 80 
1.4 64 145 67 153 75 148 78 
1.5 85 61 137 65 142 73 138 bs 
1.6 59 1 64 133 70 134 
A 71 57 122 63 130 126 33 


The above “ full days ” were obtained by dividing the total number of days each flow oc- 
curred during the whole term of years by the number of years to obtain the average easier 
of days each flow was available. 

The percentage was obtained by adding the products of all flows by the number of dosh 
they occurred and dividing the sum by the products of the given development multiplied 
by the whole number of working days in the year. 

Computed by Chandler & Palmer, 161 Main Street, Norwich, Conn. 


Sudbury and Croton are shown for the same nineteen years as 
are covered by the Holyoke data. Merrimac and Nashua data for 
the same years are not available. 

It should be remembered in comparing these stream flows, that 
the Holyoke data are from computations made daily, the Merrimac 
weekly, and the Sudbury, Nashua, and Croton monthly. It 
should also be remembered that there is a wide divergence in the 
size of the drainage areas. 

There are, of course, plenty of modifications necessary in apply- 
ing these figures to streams of a different character and under 
varying circumstances, but it is hoped that the data and the 
method of their arrangement may be of some use to some one.’ 
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DISCUSSION. 


Tue Presipent. Mr. Chandler’s paper is open for discussion. 
We should like to hear from Mr. Mixer. 

Mr. CHartes A. Mrxer.* Gentlemen, I have been much inter- 
ested in this paper and in these (to me) new methods of analyzing 
river discharges. Not knowing in advance what was to be pre- 
sented, I am not prepared to discuss them; but I am certain that 
I shall apply some of the new things heard to my own records. 

These variable discharges should be examined from every 
point of view and by every method of arrangement, but their 
natural order should never be discarded after re-arranging them 
in any other order. On a river, with storage and regulation, and 
in a latitude where the low-water conditions are divided between 
two seasons, viz., September and February, and where water is 
used in the same amount throughout the twenty-four hours a day, 
the natural order of the discharges remains the best. Simply 
plotting the daily discharges as they occur is a help to easier and 
more comprehensive study of them. 

I will state for those who may not know, that I am at Rumford 
Falls, Maine, on the Androscoggin River, with its great Rangeley 
Lakes storage. The records of the daily discharge here for fifteen 
years have been published in the Water Supply Papers. 

Mr. H. K. Barrows.f Mr. President and Gentlemen, I agree 
with Mr. Mixer that a paper of this sort should be studied some- 
what before discussion is attempted. Certainly Mr. Chandler 
has presented these data in a new and a very interesting way. 

There has been some question in my mind whether or not data 
of this kind should not also be presented in the original form to be 
of the most value for all purposes. For a given plant, such as on 
the Connecticut at Holyoke, the data of flow as arranged by Mr. 
Chandler are certainly very useful, and one can almost tell at a 
glance what wheel capacity is warranted, and whether or not it can 
be profitably increased. If he is dealing with a similar situation 
on some other river where such data can properly be applied, 
this form is also convenient. 


* Hydraulic Engineer, Rumford Falls, Me. 
+ Hydraulic and Sanitary Engineer, Boston, Mass. 
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Where the storage of water at points above the power site is to 
be a factor in the distribution of run-off, and perhaps further devel- 
opment of storage is contemplated, we especially desire the nat- 
ural flow of a river as it occurred. In such investigations the 
tables as arranged by Mr. Chandler cannot be used, as it is 
evidently incorrect to consider as successive monthly or weekly dis- 
charges those occurring at widely varying times. Thus ina given 
case, the driest month might perhaps be September, and the next 
driest January, and it is evidently misleading in computations 
involving storage to consider monthly discharges in this order. 

The reports of the United States Geological Survey usually give 
run-off in the form of monthly minimum, maximum, and mean 
discharge, although in some cases the daily discharge is also in- 
cluded. On most of our New England streams the flow during 
medium and low water times is much affected by pondage at privi- 
leges further upstream, and in some cases by storage reser- 
voirs, and the flow on any given day based on the usual gage 
readings may diverge widely from both the true daily mean for 
that day and the natural flow of the river for that day. For this: 
reason the week is a better unit of time for which to consider 
run-off, as this is a sufficient period for daily gage height errors 
to compensate, and it is also the usual cycle of pondage and stor- 
age variations. 

It seems to me that the tables shown by Mr. Chandler could be 
with profit constructed on the basis of the week, especially during 
- the low-water portion, and I hope that he will be able to include 
in his paper the daily flow as observed, and upon which his tables 
are based, to permit of this more extended analysis. The daily 
flow of the Connecticut at Holyoke has never been published by 
the United States Geological Survey, although the monthly mean, 
maximum, and minimum has been given, scattered through sev- 
eral reports, covering the period discussed by Mr. Chandler. 
THE PresipENT. Mr. Hale, we should like to hear from you. 
Mr. Ricwarp A. Hauz.* I think, as the previous speaker has 
said, that a study of the paper is very desirable before discussing 
it, because there are so many details in connection with it. 
One reason that I adopted on the Merrimac River the unit of 


* Hydraulic Engineer, Lawrence, Mass. 
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the week for the average flow was on account of the storage reser- 
voirs above us at Lowell, Manchester, and at various other points, 
as it appeared to give a better index of the flow of the river than 
taking it for a single day. For instance, on Sundays during a 
dry season the water is retained at various dams along the river. 
The driest day in the year, from the actual records as the Geologi- 
cal Survey used to give them’ would give perhaps a flow of 
50 cubic feet per second from 4000 square miles, which is inac- 
curate; it means simply that the water is held back, and is not the 
normal flow. For this reason, the average of a week eliminates 
to a great extent these irregularities of storage of water. 

In regard to the averages, taking the average by months, it 
produces a smooth outflow which is very misleading, and I 
have brought a diagram here which was used at Springfield in the 
paper on “ Water Rights ” and is familiar to many of you.* It was 
used in one of the Nashua River cases, in which-the flow was 
worked up for each individual day for a period of years. This was 
for one year and it shows the extreme variations. The scale is 
indicated on the side of diagram. The variation in January and 
February is from 100 horse-power up to 500 horse-power in about 
two or three days, owing to unusual freshets at this time. 

Now, taking the average of a series of months, you might get 
apparently a very excellent water-power, when, as a matter of fact, 
there might be a large freshet that would run off in a short time and 
there would be a series of days of low water when you would 
derive very small advantage from water-power. 

During the dry months, when a very low flow occurs, we have an 
example in November where the average would indicate a large 
power. At the commencement of the month there was only 100 
horse-power, and then sudden rains increased the flow through 
November and December. The monthly average would show a 
large uniform power, which shows the care that must be taken in 
using averages in connection with water-power. 

Considering also a large development of 425 horse-power at 
this site, although it might be obtained during the first four or 
five months, there would be this large gap of perhaps 300 horse- 
power, which would have to be supplied by steam, so a steam 


* See Journat, September, 1907, page 257. 
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plant would have to be maintained in connection with the water- 
plant to maintain constant power. 

The whole system of averages must be carefully considered in 
connection with water-power, and certain allowances made, both 
for sudden storms, where the water wastes over the dam, and the 
amount of pondage, and the use of water by parties further up the 
stream, as the total flow during dry months is not entirely avail- 
able. But I think the whole system of averaging the minimum 
flows is the best method, and not averaging by the calendar 
months; it gives a better index of flow of streams than by any 
other method. 

If a man has a steam engine and a water wheel running to- 
gether, and connected by a clutch, by which the wheel can be 
readily disconnected while running the mill, advantage can be 
taken of varying flows of water with little trouble. If, however, 
there are such connections that gears have to be moved on the 
wheel, and changes made at noon or night, when the mill is 
stopped, the extra work involved may not be compensated for by 
the use of water. In such cases the available power is not all used, 
and waste over the dam would naturally follow. 

Mr. Cartes W. SHERMAN.* Mr. President, in considering 
the run-off records of our water supply streams, such as the Sud- 
bury and the Croton, it should always be distinctly borne in mind 
that the flow is, as Mr. Barrows has put it, in a decidedly artificial 
condition. 

The State Board of Health of Massachusetts has computed 
from original records the weekly run-off of the Sudbury and 
Nashua rivers, and published it each year in its yearly report. My 
own opinion has always been that that was hardly warranted by 
the conditions of gaging. Those watersheds contain very large 
storage reservoirs; in some cases during the drier months one- 
tenth foot of storage would mean the run-off of perhaps a whole 
month. It is impossible to measure the exact height of the water 
in those reservoirs, and even if that were possible the change of 
storage represented by a change of height in the reservoirs could 
be determined only approximately. And as those figures form 
an important element in computing the run-off of the stream, 


* Principal Assistant Engineer, with Metcalf & Eddy, Boston, Mass. 
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the quantity flowing in a single day (which could be computed 
mathematically from the records, as well as the quantity for a 
month) would really mean nothing whatever. My feeling has 
been that the quantity computed for the week, although not 
subject to anything like the same percentage of error as would 
be that for a single day, would still have to be taken with a grain 
of salt. I think in cases like that, the month is the smallest unit 
of time that we can logically use. 

Of course, in making use of such records, the engineer must 
bear in mind that the average flow of a month would be exceeded 


- during the month, and there would also be days when the flow 


was very much less than the average; and he would have to use 
his judgment in estimating what the probable daily minimum 
or daily maximum would be. 

I think that applies to practically all of the small streams that 
have been used for water supply purposes. In the case of water- 
power streams the actual quantity of water flowing in the stream 
is the main element of the situation, and storage does not cut 
nearly so large a figure, so that it can frequently be neglected. 

Mr. CHANDLER. The situation in Holyoke is unique in various 
ways. In the first place, they no longer are making these calcu- 
lations, on account of the fact that the new dam and the old dam 
are so near together that it seems impracticable to measure the 
flow, so this nineteen-year record is all that we are likely to have 
in relation to Holyoke. 

Again, the Holyoke tables show only the working days of the 
year, omitting Sundays; and the effect of storage and storage 
reservoirs on the streams is included, because what is really 
measured is what you get having those reservoirs and having 
the advantage of them. 

In relation to the monthly data, I do not see how it could be 
expected that ordinary water-works data should be computed any 
oftener than monthly, and for ordinary water-works purposes I 
don’t see why that isn’t all that is needed. But it does not seem 
applicable for power purposes. Of course we have had to use it 
for power purposes all along, but it does not seem so practicable 
as daily or weekly observations on these larger streams. 

And another thing: an average, even when calculated in the 
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way I have suggested, gives too large a result, yet the manufac- 
turer, in diversion cases, naturally wants the whole three hundred 
and sixty-five days, Sundays and all, and, failing this, he is satis- 
fied with figures which are averaged, perhaps monthly, or in order 
of magnitude. 

Now, to apply the principle in question is simply going some- 
what further in the right direction without any danger of getting 
too far, because you can’t get beyond the fact that the shortest 
distance between two points is a straight line, and all these other 
things are more or less incorrect. 

(By letter, November 30, 1907.) Regarding the idea of arrang- 
ing stream flow data in order of magnitude of whole term instead 
of each year, Mr. H. G. Scuoriexp, civil engineer of Bridgeport 
Conn., writes as follows: ‘(I have myself for several years used 


a formula which must produce practically the same results, but” 


with this difference, that I have used the twenty-year run-off of the 
Connecticut River at Holyoke as observed in ten-day,periods, begin- 
ning with the least flow for that time, regardless of the date, and 
following it up by successive periods of the same length of time.” 
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TABLE No. 9. 

SHowine Run-orF in Seconp-Feer PER SquaRE MILE oF WATERSHED FOR 
Tents Day, BEGINNING WITH THE Least Day’s DiscHarcE, 
REGARDLESS OF THE TIME OF OCCURRENCE. 

As deduced by H. G. Schofield, C.E., Bridgeport, Conn., from the table of 
Connecticut River flows at Holyoke, Mass., by Clemens Herschel, C.E., 
ublished in Proceedings of the American Society of Civil Engineers, 

1906, page 928. 


Cotumn 1. 2. Cotumn 3. Couumn 4. Cotumn 5, 
No, of Run-off in Run-off per Sq. es Horse- wer at 
Period. 24 Hrs. M. per Sec. Two Periods, 50 7%Eiliciency. 

Ist 2 607 0.32 0909 
2d 2 935 0.36 
3d 3175 0.39 ‘ 0.0370909 
4th 3 470 0.426 rey 0.0400909 
5th 3710 0.455 0.471 0.0428181 
6th 3977 0.488 4 0.045554 
7th 4 200 0.515 ppd 0.047909 
8th 4 392 0.539 05 
th 0.552 0.050181 
lith 5 122 0.629 
12th 5 470 0.672 0.062000 
13th 5 805 0.712 0.731 0.066454 
14th 6 120 0.751 0.769 0.069909 
15th 6 425 0.788 0.807 0.073363 
16th 6 727 0.826 0.839 0.076273 
17th 7 135 0.851 0.889 0.080818 
18th 7 557 0.928 0.957 0.087000 
19th 8 037 0.987 1.017 0.0924 
20th 8 537 1.048 
9 085 L115 0.108542 
22d 9 652 1.185 
22d 1.225 0.111363 
24th 11 042 1.356 ; wr 012700" 
25th 11710 1.438 1483 0.134828 
26th 12 452 1.529 1584 0.14400 
27th 13 352 1.639 1708 0°155273 
28th 14 470 1.777 1'869 0.16990 
29th 15 982 1.962 2046 0.18600 
30th 17 355 2.131 2261 0.20553 
31st 19 487 2.392 21524 0.22945 
32d 21 635 2.656 25763 
33d 24 532 3.012 — 0.25763 
34th 28 487 3.498 036109" 
35th 36 217 4.447 5097 0.46336 
36th 46 817 5.748 7933 0.65754 
37th 71 000 8.718 


Column 1 shows ten-day periods arranged in order of magnitude. 

Column 2 shows the average run-off for twenty years, 

Column 3 shows average run-off per square mile per second, : 

Column 4 shows average run-off for each pair of periods. 

Column 5 shows horse-power at 80 per cent. efficiency that may be derived from one 
square mile on a fall of one foot for a twenty-four-hour day. The wer in any given 
case may be obtained by multiplyi ig the averages of column 5 by the fall in feet and this 
duct by the number of square miles of wa 


P yt tershed. 
If a ten-hour day be required, multiply the above result by two and four tenths (2.4). 
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A PECULIAR LEAK IN A MAIN PIPE. 


BY ROBERT C. P. COGGESHALL, SUPERINTENDENT NEW BEDFORD 
WATER WORKS. 


[Presented December 11, 1907.) 


Mr. CocGEsHALL. Mr. President, I hardly know how to begin, 
but as we had an episode in our town recently which was certainly 
peculiar, and as a number of inquiries have been made to-day by 
those who had read of the occurrence in the daily papers, I told 
the president that I would briefly describe the facts in the case. 

The 24th of November, Sunday, was a stormy day. The storm 
increased in intensity until well into the night, and the following 
morning it was clear. The New Haven Railroad at the present 
time is engaged in abolishing grade crossings through our city. 
About all of the streets which cross this work are now in a demoral- 
ized condition. There has been an everlasting amount of work 
done in the transforming of gas pipes, water pipes, electric light 
cables, and street-car tracks to the new level. Any one who is 
familiar with New Bedford will know the location of the Wamsutta 
Mills, which are seen on the left as you enter the town. At this 
point, known as Acushnet Avenue and Wamsutta Street, the rail- 
road tracks are to cross overhead in a diagonal way. The water 
pipes and the gas pipes have recently been lowered to the new 
grade, nearly four feet below their former level. 

About nine o’clock on this Sunday morning a leak was reported on 
the surface of the street at this crossing. The employees of the water 
works and of the gas company were called, and it developed that 
the water was issuing from a gas pipe; that there had been a break 
in the gas main. It was puzzling to know from whence the water 
came. As far as we knew, there was no connection between the 
water pipes and the gas pipes, and yet the water was flowing from 
the gas pipe in pretty large quantities. There was a possibility that 
a connection had established itself with a pipe belonging to the 
railroad company, through which they supplied themselves with 
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water from a source some three miles away, but that did not seem 
probable. A few years previous the gas company had received 
water in its pipes from a brook north of this location; and at this 
time they had recently been laying pipes beneath a couple of other . 
brooks. Excavations were made at those places and their pipe 
found intact. 

All this consumed the time until the beginning of the afternoon. 
About two o’clock in the afternoon an employee of the gas com- 
pany, coming through another street fully half 4 mile distant from 
the location where water was issuing on Wamsutta Street, noticed 
that water was coming pretty vigorously from a drip. He went to 
examine it. At the same time his attention was called to a mur- 
muring noise in the hydrant close at hand. Our employees were 
again notified and worked in connection with the gas company 
employees in making an excavation. As there was no surface 
indication of a leak, there was no certainty as to the proper place 
to excavate. 

At this point the water main, 16 inches in diameter, is upon the 
westerly side of the street; the gas pipe, 6 inches in diameter, is 
located on the easterly side. A 4-inch branch from the water main 
runs at right angles across the top of the gas main to supply the 
hydrant where the noise was heard. A large section of the water 
piping was shut off, gradually locating the leak near to the 
hydrant. We then assumed that it must be near the point 
where the hydrant branch crossed over the gas main. A trench 
was then opened to the bottom of the gas pipe, which was fully 
a foot below the water pipe, and this trench continued on toward 
the point of intersection, and it was not until it was opened 
within one foot of that intersection that water appeared from 
the leak, although you could hear it. When the excavation 
was completed the water and gas pipe were found to lie together as 
shown in this photograph, (Plate I, Fig 1.) The water pipe was 
the top pipe, and there was about half an inch of space between 
that and the lower or gas pipe. So closely had something made 
a connection between these two pipes that very little water 
appeared in the excavation. It was practically as if a nipple had 
been inserted connecting the two pipes. After punching and 
probing, the water appeared and immediately filled the trench. I 
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Fia. 1. 


GaAs AND WATER PIPEs IN POSITIONS IN WHICH THEY LAY IN THE 
GROUND. 


Fig. 2. Hoxes Water AND Gas Pipes. 
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wish the composition which formed this connection had been saved 
for our later examination, but it was all lost. The water having 
been shut off and the trench bailed out, the gas issued forth so 
strongly that all work had to be abandoned that night. 

The next morning the work of repair was made. Representa- 
’ tives from the gas and electric light company, which are under one 
management, the electric railroad company, and the water depart- 
ment were on hand. Tests for currents were made. At that time 
the current was plus to the gas main, less than a volt. A volt was 
the maximum; about half a volt was nearer the average. The 
maximum amperage was 0.6, 0.4 perhaps being the average. 
[These figures were verified by Mr. Wm. E. Foss, who visited the 
location a few days later.] Later in the day the superintendent of 


the electric railroad caused the entire current of his system to be - 


shut off for a few moments, and the instruments indicated a zero 
reading, returning to readings given above when the current was 
resumed. This indicated pretty conclusively that the current 
under measurement at that time was due to the railroad power. 
The superintendent of the railroad made the statement on public 
print upon that day that probably they were the sinners. When 
the pipes were taken out it was seen that holes of about the same 
size had been bored through both pipes. These were about 14 x 1} 
inches in size upon the inside edge of both pipes and flaring in both 
cases to the outside edge of pipe. These holes have the appearance 
of having been melted out quickly; several pits in the iron around 
these holes have the appearance of having been melted. The iron 
in both castings is excellent and there is a complete absence of 
that graphite-like softness which is an indication of gradual elec- 
trolysis. It would seem that the damage must have been caused 
by a current of much more intensity than that which was observed 
as stated above. 

At the present time I can offer no solution of the cause. If it 
was due to what is known as electrolysis, it would seem as if only 
one pipe would have been damaged, that is, the pipe from which 
the current flows. The question of reversal of current has been 
suggested, but there is an absence of the graphite-like formation 
which under such a condition should be present. A short circuit 
is more probable, but we have not been informed that there is other 
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evidence of such an occurrence. It has been suggested that 
changes in bonding. and wiring incidental to the grade-crossing 
work was responsible for the cause of this incident. 

The gas mains were filled with water to such an extent that the 
whole northerly part of the city was completely deprived of gas 
for several days. Over thirteen hundred meters were damaged, 
beside other damages caused by water and explosions. All 
through this section, when people tried to turn on gas, they would 
obtain a little jet of water. At the present time the problem is 
unsolved, and I don’t know that I can say anything further. 

Mr. GrorGe A. CALDWELL. May I ask one question, Mr. Cogges- 
hall? Possibly it may be of interest. Is it not a fact that the 
water came from the gas burners in the houses at a higher elevation 
than that of the main line of gas pipe which was broken? 

Mr. CoGcEsHALL. Oh, yes, a good deal higher; some 15 or 20 
feet higher. 

Mr. CALDWELL. I happened to be down there at New Bedford 
and I went into the matter very thoroughly with both the gas 
company and Mr. Coggeshall, and that is something which appealed 
to me as a very peculiar state of affairs, — that the water should 
come out through the gas fixtures at a higher level than the gas 
main on the street; and yet they were not troubled with back pres- 
sure of water in the gas mains for only about half a mile, I will 
say, from the break, that is, towards the gas works. 

Mr. CoccrsHALu. I think possibly that may be explained by 
the fact that this joint which Nature made was almost a tight 
joint, and the water pressure at that point is some 75 to 80 pounds 
and it was probably due to the water pressure, because the con- 
nection was almost tight. 

Mr. CaLpwELL. In that case, why didn’t they have a back 
pressure of water in the gas main, which was only carrying a 
pressure of about 3 ounces? 

Mr. CoccesHaLu. I don’t know. 
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NOVEMBER MEETING. 


Hotei BRUNSWICK, 
Boston, November 13, 1907. 


The November meeting of the Association was held at the Hotel 
Brunswick, Boston, at 2 p.m., on Wednesday, November 13, 1907. 
President John C. Whitney presided, and the following members 
and guests were in attendance: ‘ 


MEMBERS. 


S. A. Agnew, C. H. Baldwin, L. M. Bancroft, H. K. Barrows, J. E. Beals, 
George Bowers, E. C. Brooks, George Cassell, C. E. Chandler, J. C. Chase, 
C. E. Child, J. H. Child, W. F. Codd, R. C. P. Coggeshall, J. W. Crawford, 
E. D. Eldredge, J. N. Ferguson, J. H. Flynn, F. F. Forbes, F. L. Fuller, J. C. 
Gilbert, A. S. Glover, R. A. Hale, F. E. Hall, J. O. Hall, J. C. Hammond, Jr., 
H. G. Holden, E. W. Kent, Willard Kent, G. A. King, F. A. McInnes, Hugh 
McLean, N. A. McMillen, D. E. Makepiece, A. E. Martin, W. E. Maybury, 
John Mayo, F. E. Merrill, H. A. Miller, C. A. Mixer, William Naylor, G. A. 
Nelson, O. E. Parks, E. M. Peck, H. E. Royce, H. W. Sanderson, E. M. Shedd, 
C. W. Sherman, G. A. Stacy, J. T. Stevens, W. F. Sullivan, H. L. Thomas, 
R. J. Thomas, W. H. Thomas, C. A. Townsend, D. N. Tower, W. H. Vaughn, 
C. K. Walker, R. S. Weston, J. C. Whitney, G. E. Wilde, F. B. Wilkins, G. E. 


Winslow. — 63. 


ASSOCIATES, 

Anderson Coupling Co., by Charles E. Pratt; Ashton Valve Co., by C. W. 
Houghton; Harold L. Bond Co., by Harold L. Bond; Builders Iron Foundry, 
by F. N. Connet; Chapman Valve Mfg. Co., by Edward F. Hughes; Hersey 
Mfg. Co., by Albert S. Glover and W. A. Hersey; International Steam Pump 
Co., by Sam’l Harrison; Lead Lined Iron Pipe Co.. by Thomas E. Dwyer; 
Ludlow Valve Mfg. Co., by H. F. Gould; H. Mueller Mfg. Co:, by George A, 
Caldwell; National Meter Co., by Charles H. Baldwin, J. G. Lufkin and H. L. 
Weston; Neptune Meter Co., by Fred A. Smith and H. H. Kinsey; Pitts- 
burg Meter Co., by F. L. Northrop; Rensselaer Mfg. Co., by Fred S. Bates; 
A. P. Smith Mfg. Co., by F. N. Whitcomb; Union Water Meter Co., by Frank 
E. Hall; Water Works Equipment Co., by W. H. Van Winkle. — 21. 
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GUEsTs. 

Kendall Pollard, Swampscott, Mass.; P. R. Sanders, Concord, N. H.; 
E. T. Harvell, Water Commissioner, Rockland, Mass.; C. N. Oakes, City 
Clerk, Westfield, Mass.; Amos H. Eaton, Chairman Water Commissioners, 
Middleboro, Mass.; Fred M. Hutchinson, Somerville, Mass.; Charles E. 
Dewey, Westfield, Mass.; John P. McCarthy, Member of Water Board, Law- 
rence, Mass., and Robert 'E. Newcomb, Holyoke, Mass. — 9. 

[Names counted twice — 4.] 


The Secretary read applications for membership from the fol- 
lowing persons: 

Harold T. Murphy, civil engineer, Springfield, Mass.; Charles 
E. Warren, trustee of Kennebec Water District, Waterville, Me.; 
G. L. Learned, trustee of Kennebec Water District, Waterville, 
Me.; Perey R. Sanders, superintendent of Concord Water Works, 
Concord, N. H.; Joseph M. Brown, chairman of water committee, 
East Orange, N. J., all of whom had been recommended for 
election by the Executive Committee. 

On motion the Secretary was authorized to cast a ballot for 
the Association in favor of the applicants, which he did, and they 
were declared elected to membership. 

The Secretary reatl a communication from the secretary of the 
National Municipal League, as follows: 


- NATIONAL MUNICIPAL LEAGUE. 
PuHiLaDELpuHiA, November 6, 1907. 

To the Members oj the New England Water Works Association, — We take 
pleasure in extending to you a cordial invitation to attend an annual meet- 
ing of the National Municipal League, which will be held in conjunction with 
the American Civic Association, at Providence, November 19-22. 

We enclose a program showing in detail the subjects that are to be con- 
sidered at the meetings of these two bodies, and we especially call your atten- 
tion to the joint session to be held on Friday morning, November 22, at which 
time the subject of ‘ Municipal Health and Sanitation ” will be considered. 

Hoping that you will be able to attend these sessions, I am, 

Very truly yours, 
Curnton Rogers Wooprvurr, 


Secretary. 


On motion of Mr. R. C. P. Coggeshall, duly seconded, the Sec- 
retary of the Association was instructed to acknowledge the re- 
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ceipt of the invitation of the National Municipal League, and to 
thank the secretary for sending it. 

Mr. CHARLES W. SHERMAN. Mr. President, those of us who 
were at Springfield will remember that a committee was appointed 
at the convention which I believe is going to do a very valuable 
work for the Association, a committee to compile data on dam- 
ages from water diversion cases. It has recently occurred to me 
that a similar committee to compile data with reference to water 
works valuation cases would do work of equal value to the Asso- 
ciation, and it would be a work in which perhaps a larger per- 
centage of our members would have an active interest. 

I, therefore, bring the matter before this meeting, and if it 
meets with favorable consideration, I will present a motion that 
the President appoint a committee of five to compile information 
relating to awards that have been made in water-works valuation 
cases. 

It seems to be more and more common — at least in this part 
of the country —for municipalities to take possession of privately 
owned water works, and, so far as I have heard, in every such case 
there has been a court valuation of the works so taken, and the 
amount to be paid by the municipality has been decided by that 
award. 

Very few of us see any information, or anything more than news- 
paper reports, of such cases, and it seems to me that there is a 
chance here for a committee to do a work of great value to the 
Association. 

I would like an expression of opinion from some of the members 
present before I formally present that motion, if the President 
will allow it to come in that way; but if all of them see it as I do, 
I shall be glad to offer it. 

THE Presipent. You have heard Mr. Sherman’s remarks; is 
there anything to be said? We would like to have an expression 
of opinion from the members regarding the advisability of ap- 
pointing a committee of this kind. 

Mr. Joun C. Coase. That is a matter that has touched me in a 
tender spot twice within the last few months. If Mr. Sherman 
will put his motion, I will very heartily second it. 
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Mr. SHERMAN. In that case, Mr. President, I will formally 
offer the motion. 

Mr. Cuartes A. Mixer. Mr. President, before the motion is 
really put, might it be made to include not only works that have 
been valued, but also works that shall be valued in the future? 

Mr. Cuase. Mr. President, I am afraid that would cut into 
the services of some distinguished experts who want a job. 
[Laughter.] 

THE PRESIDENT. I am afraid that our prophetic sense will not 
reach quite to that point. 

(The motion, on being seconded, was put by the President, and 
declared to be a vote.*) pate 

Mr. Robert E. Newcomb, M.E., Holyoke, Mass., read a paper 
entitled “ Fire Hydrants.” It was discussed by Messrs. G. A. 
Stacy, F. A. McInnes, E. C. Brooks, W. F. Sullivan, J. H. Flynn, 
R. J. Thomas, F. S. Bates, E. F. Hughes, F. L. Fuller, John C. 
Chase, Hugh McLean, and George Cassell. 

Mr. George A. Stacy offered the following vote: Moved, that. 
the President be authorized to appoint a committee of five to pre-" 
pare a standard specification for fire hydrants. 

The motion was seconded and carried.t: 

Mr. Charles E. Chandler, C.E., Norwich, Conn., read a paper 
entitled “Stream Flow Data, from a Water-Power Standpoint.”’ 
It was discussed by Messrs. R. A. Hale, Charles A. Mixer, H. K. 
Barrows, Charles W. Sherman, and Mr. Chandler. 

The meeting then adjourned. 


* The President subsequently appointed the following committee: Messrs. Allen Hazen, 
Desmond FitzGerald, Charles A. Allen, John C, Chase, and Francis W. Dean. 

+ The President subsequently appointed the following committee: H. O. Lacount, George 
A. Stacy, Frank A. McInnes, Frederick W. Gow, and William F. Sullivan. 
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DECEMBER MEETING. 


Hore, BRUNSWICK, 
Boston, December 11, 1907. 

The December meeting of the Association was held at the Hotel 
Brunswick, Boston, at 2 p.m., Wednesday, December 11, 1907. : 
President John C. Whitney presided, and the following mem- 
bers and guests were present: 


MEMBERS. 

S. A. Agnew, C. H. Baldwin, L. M. Bancroft, J. E. Beals, J. W. Blackmer, 
C. A. Bogardus, E. C. Brooks, George Cassell, J. C. Chase, C. E. Childs, F. £. 
Clapp, R. C. P. Coggeshall, M. F. Collins, W. R. Conard, C. H. Eglee, C. R. 
Felton, A. N. French, D. H. Gilderson, A. S. Glover, R. A. Hale, F. E. Hall, 
T.G. Hazard, Jr., B. B. Hodgman, J. L. Howard, E. W. Kent, Willard Kent, 
F. C. Kimball, G. A. King, T. H. McKenzie, Thomas McKenzie, N. A. Mc- 
Millen, D. E. Makepeace, A. E. Martin, John Mayo, F. E. Martin, William 
Naylor, F. L. Northrop, E. W. Shedd, C. W. Sherman, H. W. Spooner, W. F. 
Sullivan, R. J. Thomas, W. H. Thomas, J. A. Tilden, C. A. Townsend, W. H. 
Vaughn, J. C. Whitney, G. E. Winslow. — 48. 


ASSOCIATES. 
Anderson Coupling Co., by F. A. Leavitt; Harold L. Bond Co., by Harold 
L. Bond; Chapman Valve Mfg. Co., by Edw. F. Hughes; Eagle Oil & Supply 
Co., by J. L. Hamilton; Hersey Mfg. Co., by Albert S. Glover, J. A. Tilden, 
* W. A. Hersey; International Steam Pump Co., by Sam’l Harrison; Lead 
Lined Iron Pipe Co., by Thomas E. Dwyer; Ludlow Valve Mfg. Co., by H.-F. 
Gould; H. Mueller Mfg. Co., by George A. Caldwell; National Meter Co., by 
C. H. Baldwin, J. G. Lufkin, and H. L. Weston; National Water Main Clean- 
ing Co., by Burt B. Hodgman; Neptune Meter Co., by H. H. Kinsey; Pitts- 
burg Meter Co., by F. L. Northrop; Rensselaer Mfg. Co., by C. L. Brown; 
A. P. Smith Mfg. Co., by F. N. Whitcomb; Thomson Meter Co., by E. W. 
Shedd; Union Water Meter Co., by Edw. P. King and F. E. Hall; United 
States Cast Iron Pipe & Foundry Co., by Frank W. Nevins; Water Works 
Equipment Co., by W. H. Van Winkle. — 24. 


GUESTS. 

James G. Hill, water commissioner, Lowell, Mass.; Baron’ DeWill, Paris, 
France; E. T. Harvell, water commissioner, Rockland, Mass.; J. F. Moore, 
Pascoag, R. J.; S. B. Palmer and Z. R. Robbins, Norwich, Conn.; A. E. 
Blackmer, Plymouth, Mass.; Arthur F, Ballou, superintendent, Woonsocket. R. 
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I.; Charles G. Roberts, water commissioner, Chelsea, Mass.; Charles F. Glavin, 
of Chas. Millar & Sons Co., Utica, N. Y.; L. H. Caufel, Boston, Mass., and 
F. M. Hutchinson, Somerville, Mass. — 12. 

[Names counted twice — 7.] 

The Secretary announced that application for membership had 
been received from the following-named persons, and had been 
properly endorsed and recommended by the Executive Committee: 


Active. —J. S. Thornton, Sonora, Cal., general manager of 
Tuolumne County Water and Electric Power Co., Sonora, Cal.; 
Arthur F. Ballou, superintendent Water Department, Woonsocket, 
R. I.; Harry S. R. McCurdy, Brown’s Station, N. Y., with New 
York Board of Water Supply; John F. Morse, Pascoag, N. J., with 
Pascoag Water Co. 


Associate. — Charles Millar & Sons Co., Utica, N. Y., manufac- 
turers of cast-iron water and gas pipe. 


On motion ef Mr. Chase, the Secretary was instructed to cast 
one ballot in favor of the candidates named, and, he having done 
so, they were declared by the President duly elected members of 
the Association. 

Mr. Charles H. Eglee, hydraulic engineer, Boston, was called 
upon as the first speaker of the afternoon. His subject was, 
“ Hollow Concrete-Steel Dams.”’ At the conclusion of his remarks 
Mr. Eglee answered questions asked by Mr. R. C. P. Coggeshall, 
Mr. Wm. F. Sullivan, Mr. T. H. McKenzie, Mr. D. E. Makepeace, 
and Mr. Richard A. Hale. 

Mr. Coggeshall told of a rather peculiar experience in New Bed- 
ford recently, where Nature had apparently in some mysterious 
way established a connection between a gas main and a water 
main which were about half an inch apart, and the gas pipes in a 
large section of the city had been filled with water. 

In response to an inquiry by the President as to a good method 
of protecting water pipes over bridges from frost, Mr. Coggeshall 
and Mr. Frank L. Fuller advised boxing and an air space. 

Mr. H. W. Spooner, engineer of the Gloucester Water Works, 
showed some excellent lantern slides of views on Cape Ann and at 
Magnolia and of mackerel fishing operations. 

Adjourned. 
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EXECUTIVE COMMITTEE. 


TREMONT TEMPLE, Boston, Mass., 
Wednesday, November 13, 1907, 11.30 a.m. 


Present: President John C. Whitney, and L. M. Bancroft, 
George A. King, Robert J. Thomas, Charles W. Sherman, and 
Willard Kent. 

The following applications, five in number, were received and 
recommended for membership in the Association: 


Harold T. Murphy, Springfield, Mass.; Charles E. Warren, 
Waterville, Me.; G. L. Learned, Waterville, Me.; Percy R. San- 
ders, Concord, N. H.; Joseph M. Brown, East Orange, N. J. 


Voted: That “ The Liberty Trust Company” be and hereby 
is approved as a place of deposit for a portion of the funds of this 
Association. 

Voted: That the Treasurer, President, and Editor be a commit- 
tee on the investment of the funds of the Association, to inves- 
tigate and report at the next meeting of the Executive Committee. 

Adjourned. 

Attest: Kent, Secretary. 


TREMONT TEMPLE, Boston, Mass., 
December 11, 1907. 
Present: Vice-President George A. King, presiding; Charles W. 
Sherman, Robert J. Thomas, L. M. Bancroft, A. E. Martin, Willard 
Kent. 
The following applications were received and recommended for 
membership: 


Members: John F. Moore, Pascoag, R. I.; Harry S. R. 
McCurdy, Brown’s Station, N. Y.; Arthur F. Ballou., Woon- 
socket, R. I.; J. S. Thornton, Sonora, Cal. 


Associate: Charles Miller & Son Co., manufacturers of cast-iron 
water and gas pipe, Utica, N. Y. 
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The Secretary was instructed to investigate the advisibility of 
having the expense of room for the monthly meetings charged to 
the Association, if a corresponding reduction can be made in the 
price of the dinner tickets. 

The Treasurer reported progress of the work of the Committee 
on Investment. 

Adjourned. 


Attest: Wuitiarp Kent, Secretary. 
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OBITUARY. 


ArtHurR J. L. Lorerz, mechanical engineer, of 397 Ninth 
Street, Brooklyn, N. Y., died May 27, in California. He was born 
in the Province of Alsace, then France, and was the youngest son 
of the late Prof. J. B. Loretz, of Brooklyn. He was intimately 
associated with the pumping engine trade for years, was an in- 
ventor, patented the national steam pumps and pumping en- 
gines, was awarded three medals in 1875-6 for these pumps by the 
American Institute of New York, New Jersey, and Philadelphia, 
and numerous diplomas. Has been consulting engineer for 
large manufacturing plants. Mr. Loretz became a member of the 
New England Water Works Association on December 9, 1896. 
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TRADE PUBLICATIONS. 


ALLIs-CHALMERS CoMPANY, Pumpinc ENGINE DEPARTMENT, BULLETIN 
No. 1610. August, 1907. 

Allis-Chalmers Vertical Tandem-Compound Screw Pumping Engine, built 
for the Kinnickinnic Flushing Tunnel, Milwaukee, Wis. 

This bulletin describes the screw pumping engine, with a capacity of 323,- 
000 000 gallons per day, lifted 34 feet, by which Lake Michigan water is 
pumped into the Kinnickinnic River for flushing purposes. 
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